SECTION 230900/15900
FACILITY MANAGEMENT SYSTEM
PART 1 - GENERAL

1.1 DESCRIPTION

A. General provisions and mechanical systems are specified in other Sections of Division 23.

B. This Section covers automatic temperature control systems and facility management systems (FMS).

C. Mechanical commissioning is specified in Section 230***, Mechanical Systems Commissioning. This Section covers responsibilities and obligations required to support the commissioning process.

1.2 RELATED WORK

A. The installation of motor starters that are not factory-installed, thermal overload switches, and power wiring to motors, starters, thermal overload switches, contactors, and electric humidifiers, is specified in another Division.  This Section includes the furnishing and installation of controls and wiring for automatic controls, electric damper and valve operators, terminal control units, interlocks, starting circuits, and low voltage power wiring to power consuming control devices.

B. Area smoke detectors are provided, installed and wired under Division 16.  Duct smoke detectors shall be installed under Division 15, but furnished and wired into the fire alarm system under Division 16.  This Section includes wiring fire alarm signal relays, provided and installed under another Division, to the automatic temperature control systems.

C. The monitoring and data logging capabilities of the DDC system shall be used in the commissioning process if campus communication is available.

1.3 DEFINITIONS

A. The following abbreviations and acronyms may be used in describing the work of this Division:

	
	ADC
-
Analog to Digital Converter

AHJ
-
Authority Having Jurisdiction

AI
-
Analog Input

AN
-
Application Node

ANSI
-
American National Standards Institute

AO
-
Analog Output

ASCII
-
American Standard Code for Information 
Interchange

ASHRAE
American Society of Heating, Refrigeration and Air Conditioning Engineers

AWG
-
American Wire Gauge 

BTL
-
BACnet Testing Laboratories

CPU
-
Central Processing Unit

CRT
-
Cathode Ray Tube

DAC
-
Digital to Analog Converter

DDC
-
Direct Digital Control

DI
-
Digital Input

DO
-
Digital Output

EEPROM
Electronically Erasable Programmable Read Only



Memory

EMI
-
Electromagnetic Interference

FAS
-
Fire Alarm Detection and Annunciation 
System

GUI
-
Graphical User Interface

HOA
-
Hand-Off-Auto 

ID
-
Identification

IEEE
-
Institute of Electrical and Electronics Engineers

I/O
-
Input/Output

IT
-
Information Technology

LAN
-
Local Area Network

LCD
-
Liquid Crystal Display

LED
-
Light Emitting Diode

MCC
-
Motor Control Center

NC
-
Normally Closed 

NIC
-
Not In Contract

NO
-
Normally Open

OWS
- 
Operator Workstation 

OAT
-
Outdoor Air Temperature

PC
-
Personal Computer

RAM
-
Random Access Memory

RF
-
Radio Frequency

RFI
-
Radio Frequency Interference

RH
-
Relative Humidity

ROM
-
Read Only Memory

RTD
-
Resistance Temperature 

SPDT
-
Single Pole Double Throw

SPST
-
Single Pole Single Throw

XVGA
-
Extended Video Graphics Adapter

TBA
-
To Be Advised

TCP/IP
-
Transmission Control Protocol/Internet 



Protocol

TTD
-
Thermistor Temperature Device

UPS
-
Uninterruptible Power Supply

VAC
-
Volts, Alternating Current

VAV
-
Variable Air Volume

WAN
-
Wide Area Network




1.4 QUALITY ASSURANCE

A. Installation shall be by mechanics and electricians trained by the control manufacturer.

B. DDC system layout and performance: The DDC system shall be engineered and equipment selected by the manufacturer as required to meet the performance specified herein.  The location and quantity of DDC controllers shall be as determined by the DDC system manufacturer except that a separate stand-alone controller shall be provided for each major system, as identified on the I/O summaries.  Sensors and control points for each major system shall be connected to its associated stand-alone controller.  The DDC system, including the central computer, data transmission system and network communication devices, and each DDC controller shall provide for the future addition of at least 10% of the number of sensor and control points connected to that component.  An alarm condition shall be reported to the appropriate operator device following the occurrence of that condition.  Sensor and control values displayed to the operator in graphics displays shall be dynamically updated within 30 seconds of significant change of value.

C. Manage and coordinate the FMS work in a timely manner in consideration of the Project schedules.  Coordinate cooperatively with the associated work of other trades so as to assist the progress and not impede or delay the work of associated trades.

1.5 The Automatic Temperature Controls, as described in this Section, shall be provided by Johnson Controls under State of Georgia DOAS contract # 9020017203. This RFP has been assigned to this contract for the building controls work. The General contractor is directed to contract directly with the controls contractor for the allotted sum. Change orders, as they relate to the building controls, will be priced as per the RFP. The contact at Johnson Controls is Tim Lucas at 404-433-2085 or timothy. b.lucas@jci.com)
A. Quality management program:

1. Provide a competent and experienced FMS Project Manager employed by the FMS Contractor. The Project Manager shall be supported as necessary by other FMS Contractor employees in order to provide professional management service for the work.  The Project Manager (or other FMS representative) shall attend scheduled Project Meetings as required and shall be empowered to make technical, scheduling and related decisions on behalf of the FMS Contractor.  At minimum, the Project Manager shall:

a. Manage the scheduling of the work to ensure that adequate materials, labor and other resources are available as needed.

b. Maintain the scheduling of the work.

c. Manage the financial aspects of the FMS Contract.

d. Coordinate with the FMS Site Supervisor and other trades as necessary to maintain progress of the Contract.

2. Maintain a legible copy on-site of, at minimum, the following documentation:

a. The FMS Contract Documents including all approved Change Orders.

b. All FMS related written Requests For Information and responses.

c. All approved Shop Drawings and other submittals.

d. A copy of the FMS Contract Schedule.

e. Primary FMS related correspondence and minutes.

f. Other records as pertinent and required by the Contract Documents.

1.6 WORK BY OTHERS

The demarcation of work and responsibilities between the FMS Contractor and other related trades shall be as outlined in the FMS RESPONSIBILITY MATRIX herein, and as found elsewhere in Division 15 and 16:

	FMS RESPONSIBILITY MATRIX
	
	
	
	

	WORK
	FURNISH
	INSTALL
	LowVolt. WIRING/ TUBE
	LINE POWER

	FMS low voltage and communication wiring 
	FMS
	FMS
	FMS
	N/A

	VAV Boxes
	15
	15
	N/A
	16

	Controllers for VAV boxes
	FMS
	15
	FMS
	16

	FMS conduits and raceway
	FMS
	FMS
	N/A
	N/A

	Automatic dampers (not furnished with equipment)
	FMS
	15
	N/A
	N/A

	Automatic damper actuators 
	FMS
	FMS
	FMS
	FMS

	Manual valves
	15
	15
	N/A
	N/A

	Automatic valves
	FMS
	15
	FMS
	FMS

	Pipe insertion devices and taps, flow and pressure stations.
	15
	15
	N/A
	N/A

	FMS Thermowells
	FMS
	15
	N/A
	N/A

	FMS Current Switches
	FMS
	FMS
	FMS
	N/A

	FMS Control Relays
	FMS
	FMS
	FMS
	N/A

	Power distribution system monitoring interfaces
	16
	16
	FMS
	16

	Control air compressors
	FMS
	FMS
	N/A
	16

	Concrete and/or inertia equipment pads and seismic bracing
	15
	15
	N/A
	N/A

	FMS interface with Chiller/Boiler controls
	FMS
	FMS
	FMS
	16

	Chiller/Boiler controls interface with FMS
	15
	FMS
	FMS
	16

	All FMS Nodes, equipment, housings, enclosures and panels.
	FMS
	FMS
	FMS
	16

	Smoke Detectors
	16
	16
	16
	16

	Fire/Smoke Dampers
	15
	15
	16
	16

	Smoke Dampers
	15
	15
	16
	16

	Fire Dampers
	15
	15
	N/A
	N/A

	Chiller/starter interlock wiring
	N/A
	N/A
	16
	16

	Chiller Flow Switches
	15
	15
	16
	N/A

	Boiler interlock wiring
	15
	15
	15
	16

	Boiler Flow Switches
	15
	15
	16
	N/A

	Water treatment system
	15
	15
	15
	16

	VFDs
	15/16
	16
	FMS
	16

	Refrigerant monitors
	15
	FMS
	FMS
	16

	Laboratory Environmental Controls
	FMS
	FMS
	FMS
	16

	Fume hood controls
	FMS
	FMS
	FMS
	16

	Medical gas panels
	15
	15
	16
	16

	Laboratory Air Valves
	FMS
	15
	FMS
	N/A

	Computer Room A/C Unit field-mounted controls
	15
	15
	16
	16

	FMS interface with CRU A/C controls
	FMS
	FMS
	FMS
	16

	CRU A/C unit controls interface with FMS
	15
	FMS
	FMS
	16

	Fire Alarm shutdown relay interlock wiring
	16
	16
	16
	16

	FMS monitoring of fire alarm smoke control relay 
	16
	16
	FMS
	16

	Fireman’s Smoke Control Override Panel
	16
	16
	16
	16

	Fan Coil Unit controls (not furnished with equipment)
	FMS
	FMS
	FMS
	16

	Unit Heater controls (not furnished with equipment)
	FMS
	FMS
	FMS
	16

	Packaged RTU space-mounted controls (not furnished with equipment)
	FMS
	FMS
	FMS
	16

	Packaged RTU unit-mounted controls (not furnished with equipment)
	FMS
	FMS
	FMS
	16

	Cooling Tower Vibration Switches
	15
	15
	16
	16

	Cooling Tower Level Control Devices
	15
	15
	16
	16

	Cooling Tower makeup water control devices
	15
	15
	16
	16

	Pool Dehumidification Unit Controls
	15
	15
	15
	16

	FMS interface with Pool Unit controls
	FMS
	FMS
	FMS
	16

	Pool Unit controls interface with FMS
	15
	FMS
	FMS
	16

	Starters, HOA switches
	15
	15
	N/A
	16


1.7 SUBMITTALS

A. Diagrams: separate diagrams for each system, including pneumatic piping, motor starting and interlock wiring, electrical ladder diagrams, push buttons, control wiring, interior electrical circuits of control instruments with terminal designations, control motors, colors of wires, locations of instruments and remote elements, and normal position of valves, dampers and relays.  A detailed description of the operation of the control system including control device designations shall accompany the drawings.  

B. Sequences of operation: complete detailed sequences of operation, including: a narrative of the system operation and interactions and interlocks with other systems; notations indicating whether interlock or interaction is accomplished through software or hard-wire connections; detailed delineation of control between packaged controls and the building automation system; and a listing of BAS control points.

C. DDC system data: manufacturer's data sheets on DDC controllers, sensors, control interface devices, terminal control units, protection devices and software; complete field wiring diagram with terminals labeled as they will be marked on the equipment, including sensors, control and power wiring for each sensor, control, and DDC controller; proposed system architecture, showing controller distribution and network configuration.

D. Control Damper Schedule including a separate line for each damper and a column for each of the damper attributes, including: Code Number, Fail Position, Damper Type, Damper Operator, Blade Type, Bearing Type, Seals, Duct Size, Damper Size, Mounting, and Actuator Type.

E. Control Valve Schedules including a separate line for each valve and a column for each of the valve attributes: Code Number, Configuration, Fail Position, Pipe Size, Valve Size, Body Configuration, Close off Pressure, Capacity, Valve CV, Calculated CV, Design Pressure, Actual Pressure, and Actuator Type.

F. DDC central station data: Update the existing web-based operator workstation located in the specific Area of work at Georgia Tech, and the JCI ADX server. The ADX server provides for all operator workstations at Georgia Tech.

G. Existing DDC system expansion data: proposed central station modifications if any are required to support this addition; complete field wiring diagrams for data communications with DDC controllers and interconnection with existing central station equipment. 

H. At the completion of the Work submit the following documents:

1. Three (3) three-ring binders containing the Project Manual including all Addenda and authorized Change Orders. 

2. Three copies of all Operational Manuals, Shop Drawings, Product Data and Schedules. All manuals, shop drawing and product data shall be PDFed by trade and provide in a GT Archive Entry Sheet.xls File names shall be no more than 8 characters. The characters shall be acceptable for Microsoft file names. After the file name a period (.) and then the file extension (dwg). Example B50docs1.PDF
1.2 WARRANTY

A. Standard Material and Labor Warranty

1. Provide a one-year labor and material warranty on the FMS.

2. If within twelve (12) months from the date of acceptance of product, upon written notice from the owner, it is found to be defective in operation, workmanship or materials, it shall be replaced, repaired or adjusted at the option of the FMS Contractor at the cost of the FMS Contractor

3. Maintain an adequate supply of materials for replacement of key parts and labor support, including programming. Warranty work shall be done during FMS Contractor’s normal business hours. 

PART 2 - PRODUCTS

2.1 PRODUCT COMPATIBILITY

The DDC system shall be fully compatible with the existing area wide FMS, a Metasys system by Johnson Controls Inc (JCI).  Connection shall be into the existing Ethernet LAN at the location specified herein.

The building DDC system shall be fully compatible with all the Government’s maintenance personnel interface tools, spare parts, and user training. The Building Management System shall consist of the following:

a. Standalone Network Automation Engine(s)

b. Field Equipment Controller(s) 

c. Input/Output Module(s)

d. Local Display Device(s)

e. Portable Operator's Terminal(s)

f. Distributed User Interface(s)

g. Network processing, data storage and communications equipment 

h. Other components required for a complete and working FMS

2.2 MATERIALS

A. Room Temperature Sensors
1. Room sensors shall be constructed for either surface or wall box mounting.
2. Thermostats shall have an accuracy of ±1.0ºF. 

3. Setpoint warmer/cooler adjustment dial shall provide for a ±2.5ºF (adjustable) range from the initial space setpoint (72.5ºF adjustable) and user adjustment of ±3ºF (adjustable). 

4. Remote element type shall have accessible adjustment knob.  Provide separable wells for element in liquids and extended necks for wells in insulated pipe.

a. Low limit safeties: elements shall respond to the lowest temperature to which any 12" segment is exposed; minimum length 8'. 

5. Averaging type: for use in coil discharge and mixed air locations.
B. Thermostat guards: 22 gauge steel with lockable hinged cover and baked enamel finish.

C. Gradual switches: potentiometer type with accessible means of adjustment.

D. Relays, transformers, transducers, and fusestats: provide.

Control Relays

1.
Rating: 10 amps at 120-277VAC

2.
Mounting: Bases shall be snap-mount
3.
Protection: NEMA 1 Housing, if not mounted in an enclosure

4.
Output: SPDT, DPDT, 3PDT or 4PDT
Special (where required): Provide LED for position indication. 

Analog Current Transducer

1.
Mounting: Field Mounted

2.
Range: 60 Hz nominal

3.
Accuracy: +/- 2% full scale

4.
Protection: 250 A max current

5.
Output: 4-20mA, 0-10V or 0-5V

E. Actuators: provide internal heaters for oil-immersed motors located outdoors. Actuators shall provide proportional or two-position actuation, with spring return as required by application.

Electric Damper Actuators

1.
Rating: NEMA 2 Enclosure

2.
Mounting: Direct mount

3.
Stroke: 120 seconds end to end full stroke, 15 seconds return to normal for spring return

4.
Protection: Electronic stall protection, double-insulated construction
5.
Control Input: 0-10 VDC or 0-20 mADC

6.
Power: Nominal 24 VAC

7.
Torque: Size for minimum 150% of required duty

8.
Duty cycle: rated for 65,000 cycles

9.
Overload Protection: Electronic stall detection protects from overload at all angles of rotation without the use of end switches.

Special (where required): Output position feedback, manual override, field selectable rotational / spring return direction, field adjustable zero and span.

Electric Valve Actuators (for other applications)

1.
Rating: NEMA 1 Enclosure

2.
Mounting: Direct mount

3.
Control Input: Continuous 0-10 VDC or 0-20 mADC

4.
Power: Nominal 24 VAC

5.
Protection: Stall protection

Special (where required): Output position feedback, manual override, field selectable direction, field adjustable zero and span.  For spring return provide field selectable spring return direction. 

F. DDC terminal unit damper actuators: nonstall, floating type, non-spring return, providing complete floating control for the full range of damper movement. Actuators shall be de-energized when the damper has reached the operator or system determined position. Actuators shall be supplied to the terminal unit manufacturer for factory mounting and calibration. 

G. Control valves, general: bronze-trimmed; 2" and smaller, bronze or brass bodies with screwed connections; over 4", cast iron bodies with flanged connections.  Steam valves operating at pressure differentials greater than 25 psi and water valves operating at pressure differentials greater than 40 psi shall have stainless steel trim and replaceable seat ring. Only allowed for 2 GPM and less.
1. Valves shall be capable of full closure against 100% of design pump head.

2. Valves for water shall have equal percentage or linear flow characteristics. Modulating control valves shall be sized for a pressure drop of 3 to 5 psi, unless indicated otherwise on the Drawings.  Two-position valves shall be line sized.

3. Ball valves used for modulating service shall have a replaceable flow characterizing disk to provide the required flow characteristics.

4. Steam valve sizes are indicated on the Drawings, and shall have equal percentage or linear flow characteristics.

5. Pressure/temperature rating: as specified in Section 15100, HVAC Piping, Valves & Accessories.

Ball Valves, 1/2 through 4 in. NPT, Electrically Operated

a. Materials:


1.) Body - Forged Brass

2.) Ball - 300 Series Stainless Steel

3.) Stem - 300 Series Stainless Steel

4.) Stem Seals - EPDM Double O-Rings

5.) Seats - Graphite-Reinforced PTFE with EPDM O-Ring Backing

b. Rating: Valve Body 600 psi at 320 degrees F, fluid temp:35 to 250 degrees F

c. Output Flow Maximum: 1 through 143.4 Cv Two-Way; 3.7 through 35.4 Cv Three-Way

d. Special: Shall be Johnson Controls VG1000 Series Ball Valves

Globe Valves, Cast Iron Flanged, Electrically Actuated, 2-1/2 through 6 in.

e. Materials:

1.) Body - Cast Iron with Black Lacquered Finish

2.) Plug - Brass

3.) Stem - 316 Stainless Steel

4.) Packing - Ethylene Propylene Terpolymer Ring Packs

f. Rating: ANSI 16.1, Class 125, fluid temperature from 35 to 281degrees F

g. Mounting: ANSI 125/150 Flanged Pipe

h. Output Flow Maximum: 0.51 through 344 Cv 

i. Special: Shall be Johnson Controls VG2000 Series Cast Iron Globe Valves

Globe Valves, Bronze Control Valve w/ Brass Trim, Electrically Actuated, 1/2 through 2( 

j. Materials:

1.) Body - Cast Bronze

2.) Plug - Brass

3.) Seat - Brass Against Molded Elastomeric Disc

4.) Stem - Stainless Steel

5.) Packing - Ethylene Propylene Rubber

k. Rating: ANSI Class 250, fluid temp: 35 to 284 degrees F

l. Output Flow Maximum: 0.73 through 46.2 Cv 

m. Special: Shall be Johnson Controls VG7000 Series Bronze Control Valves

Butterfly Valve, Electrically Actuated, 2 through 6 in.

n. Materials:

1.) Body - Cast Iron

2.) Disc - Aluminum Bronze

3.) Stem - 416 Stainless Steel

o. Rating: Maximum Fluid Temperature 250 degrees F

p. Mounting: ANSI 125/150 Flanged Pipe

q. Actuator Control Type: Floating, On/Off or Proportional, Spring Return or

r. Non-Spring Return

s. Output Flow: 60 to 1,580 Cv

t. Special: Shall be Johnson Controls VF4000/VF5000 Series Butterfly Valves



Presure Independent Control valves with with flow measuring taps.

1. Pressure independent valves are allowed ONLY if provided with flow measuring ports before and after valve. 
2. Valves bodies shall be manufactured from forged brass and shall be nickel plated

3. Valves shall have a stem and ball manufactured from chrome plated brass

4. Valve seat shall be fiberglass reinforced with Teflon®

5. Characterizing disk shall be brass for 1/2 and 3/4 in. valves, and Tefzel® for sizes 1 through 2 in. valves

6. Valves shall pressure ratings of 600 psi for 1/2, 3/4 and 1 in. size valves, and pressure rating of 400 psi for 1-1/4, 1-1/2 and 2 in. size valves

7. Closeoff Pressure rating shall be 200 psid

8. Valves shall have a maximum leakage specification of 0.01% of maximum flow per ANSI/FCI 70-2, 

9. Class 4 with a 50 psid differential pressure applied.

10. Valves shall be maintenance free.

11. Valves shall be provided with a 5 year warranty.

12. Valve actuators shall be UL-recognized or CSA-certified.

13. Valves shall be Johnson Controls P1000 Series pressure independent valves or approved equal.

H. Temperature regulators, self-contained: adjustable type with enclosed bellows, cadmium-plated spring, indexed spring adjustment guide, top mounted 3.5" diameter temperature indicator, sensing bulb and copper capillary tubing.  Capillary length shall be as required for the installation. Valves up to 2" shall have bronze body, screw pattern, and stainless steel trim, and shall be rated for 150 psig service.  Valves 2.5" to 6" shall have cast iron body, 125 psig flanges, and stainless steel trim.

I. Control Dampers: The FMS Contractor shall furnish all automatic dampers. All automatic dampers shall be sized for the application by the FMS Contractor or as specifically indicated on the Drawings. All dampers used for throttling airflow shall be of the opposed blade type arranged for normally open or normally closed operation, as required. The damper is to be sized so that, when wide open, the pressure drop is a sufficient amount of its close-off pressure drop to shift the characteristic curve to near linear.

All dampers used for two-position, open/close control shall be parallel blade type arranged for normally open or closed operation, as required. Multiple section dampers may be jack-shafted to allow mounting of piston pneumatic actuators and direct connect electronic actuators. Each end of the jack shaft shall receive at least one actuator to reduce jack shaft twist.

J. Firestats: manual reset, remote bulb type in hazardous locations, UL classified, set at 125ºF in return air, and 50ºF above maximum operating temperature in other locations.

K. Differential water pressure transmitters: 2-wire, or 3-wire type designed for liquid service.  The span shall be continuously adjustable from 0 to 125% of the expected full flow differential pressure.  The zero shall be continuously adjustable on outputs.  The output signal shall be a 4-20 mA dc current  or 0-10 Vdc voltage with an accuracy of ±1.0% of calibrated span. Transmitters shall have a stability of ±1.0% of the upper range limit for 6 months from calibration.  Instruments shall be capable of withstanding a static pressure upper limit of 100 psig and overrange differential pressure limit of 50 psi.  Enclosures shall be NEMA 3R.  Transmitters shall have valve assemblies with drain, isolation and null valves, and pressure gauges.

L. Smoke detectors:  provided by Division 16.

M. Panels: a control panel for air handling units, and hydronic systems controlled by the DDC system, consisting of a surface type cabinet with hinged front panel and cylinder lock.  

N. Wiring: low voltage control wiring shall be not less than #22 AWG, 600V plastic covered, color-coded.  Line voltage wiring shall be not smaller than #16 AWG, 600V.  Sensor wiring shall be not less than #22 AWG twisted, shielded. Room sensor cables shall not be less than #26 AWG, 8 conductor, RJ45 terminated.

O. Valve tags:  as specified in Mechanical General.

P. Labels:  label all devices as shown on control system shop drawings.

Q. Emergency fan shutdown stations: provided by Division 16.

R. Thermowells:  monel, brass, or copper for use in water piping and stainless steel for other applications. Thermowells shall have retaining nut, and lagging neck to clear insulation.  Inside diameter of insertion neck shall accommodate the element being installed.

2.3 BUILDING DASHBOARD (JCI Green Kiosk)
A. An LCD monitor will be provided where specified by Georgia Tech for use in the building as a dashboard interface. The BMS shall collect the data points specified via hardwired inputs and integrated third-party points for display on the dashboard.
B. Provide a scalable suite of software modules for enhancing the efficiency and life cycle costs of buildings through visualization of performance data, software analytics, prioritization, workflow management, and reporting.
C. The software solution shall be provided in modules, or applications, that can be selected as required by the owner.  

D. The software solution shall consolidate and normalize building-system data from various, independent data sources into a central database.  Data shall be collected, secured and transmitted to server-based applications via a secure transport methodology.  Solution shall apply analytical tools to evaluate the collected data and provide owner with concise, detailed, actionable information on a web based HTML-5 platform.  Owner access shall be available on a web-enabled platform (computer, tablet, smartphone or other web enabled device) on a continuous basis. 

E. The software solution shall be built on an open protocol platform.  Solution shall be vendor neutral and shall be capable of integrating data from any commonly available building automation system via BACnet, Modbus, OBIX, Niagara Framework, SOAP/XML or other approved protocols.

F. The software solution and required hardware shall incorporate industry standard security encryption technology to insure data integrity and customer data privacy.  All data shall be encrypted with SSL or TLS security certificates using AES asymmetric cryptography and shall remain encrypted throughout the transmission, storage and backup processes.  The system shall be designed to have a minimal impact on the customers BAS or LAN network.  

G. Provide the capability for a point and click map of the campus with selectable dashboards across Georgia Tech campus facilities.

H. Provide for the option for a continuous scroll unattended mode as well as a user-driven interactive mode. 

I. Provide a means for campus interaction through social media tools (twitter, Facebook, etc.)
J. Provide informational content, including current and historical energy consumption, and interactive charts of metered commodities with historical benchmarks. 

K. Provide audience-relevant equivalents for energy costs, consumption metrics, energy-related carbon emissions, etc.

2.4 DDC SYSTEM

A. Provide a complete system of direct digital controls (DDC) and monitoring points as specified herein.  The DDC systems shall interface with the pneumatic, electric, and electronic systems to provide control outputs and monitoring inputs to the DDC systems as specified in Sequences, and as listed in the I/O summaries.  Complete pneumatic or electric control systems shall be provided to perform sequences not indicated to be performed by the DDC systems.
B. H.V.A.C. Nodes (Direct Digital Controllers):

1) HVAC Node shall provide both standalone and networked direct digital control of HVAC systems.

2) A dedicated HVAC Node shall be configured and provided for each primary HVAC system (air handler, chiller, boiler) and each terminal HVAC system (VAV Box, Unit Heater, Fan Coil Unit, Cabinet Heater, Heat Pump, Fan Powered Box, CV Box)

3) Each HVAC Node shall be able to retain program, control algorithms, and setpoint information for at least 72 hours in the event of a power failure, and shall return to normal operation upon restoration of power.

4) Each HVAC Node shall report its communication status to the FMS.   The FMS shall provide a system advisory upon communication failure and restoration. 

5) For each primary HVAC system, provide means of indication of system performance and setpoints at, or adjacent to the HVAC Node.

6) For each primary HVAC system, provide a means to adjust setpoints and start/stop equipment at, or adjacent to the HVAC Node.

7) Provide a means to prevent unauthorized personnel form accessing setpoint adjustments and equipment control functions.

8) The HVAC Node shall provide the ability to download and upload configuration data, both locally at the Node and via the FMS communications network.

9) The HVAC Node shall be provided with a permanently-mounted local LCD display terminal where required in the sequences of this specification. The local LCD terminal shall provide representation of the associated system status, with the ability for the operator to enter commands with proper password protection.
10) For major systems, provide a Local Controller Display (DIS-1710) either as an integral part of the node or as a remote device communicating over the SA Bus.

i. The Display shall use a BACnet Standard SSPC-135, clause 9 Master-Slave/Token-Passing protocol.
ii. The Display shall allow the user to view monitored points without logging into the system.
iii. The Display shall allow the user to view and change setpoints, modes of operation, and parameters.  
iv. The Display shall provide password protection with user adjustable password timeout.  
v. The Display shall be menu driven with separate paths for:
· Input/Output

· Parameter/Setpoint

· Overrides

vi. The Display shall use easy-to-read English text messages.  
vii. The Display shall allow the user to select the points to be shown and in what order.
viii. The Display shall support a back lit Liquid Crystal Display (LCD) with adjustable contrast and brightens and automatic backlight brightening during user interaction.
ix. The display shall be a minimum of 4 lines and a minimum of 20 characters per line 
x. The Display shall have a keypad with no more than 6 keys.
xi. The Display shall be panel mountable. 
C. Energy Management Software: 
1. The new control system shall be capable of providing each of the following software features. Requirements for each shall be as noted on the points list.

2. Scheduled start-stop and holiday programs: provide software to start and stop equipment based on the time-of-day for each day-of-week, including holidays.  To eliminate power surges and to ensure stable system operation, an operator adjustable time delay shall be provided between consecutive start commands and between consecutive stop commands for electrical loads.  Software shall provide for multiple start/stop events scheduled for each output for each day, including holidays.

3. Optimum start-stop program: provide software to start and stop equipment on a sliding schedule based on indoor and outdoor air conditions.  The program shall take into account the thermal characteristics of the structure, indoor and outside conditions using prediction software to determine the minimum time of system operation needed to satisfy space environmental requirements at the start of the occupied cycle, and determine the earliest time for stopping equipment at the day's end.  The program shall automatically modify the calculation constants based on its past performance.

4. Demand limiting program: provide software to shed electrical loads to prevent exceeding an electrical demand peak value (target).  The program shall continuously monitor power demand, and with prediction software, calculate a predicted power demand.  When the predicted power demand exceeds a preset desired target, the program shall turn off or adjust operation of electrical loads on a prescheduled priority basis to reduce the connected load before the actual peak exceeds the target.  The demand limiting program shall provide several priority levels of loads.  Loads in the lowest priority level shall be shed before loads in the next higher priority level.  Loads shed within a priority level shall be rotated automatically, subject to equipment constraints to avoid any one load from always being shed first.  Loads shed in the highest priority level shall be restored before loads in lower priority levels.  The demand program shall be compatible with time-of-day metering.  The program shall permit a minimum of 6 individually resettable time-of-day demand periods in 24 hours.  The start and stop time of each time-of-day demand program shall allow different daily schedules for 3 types of days (weekday, weekend, holiday).  A time-of-day metering calendar shall be established by the program which shall define daily time-of-day metering schedules. When demand limit programming is required, the system shall be programmed to raise all space temperatures 2(F when commanded by the BAS, with 74(F used as the centerline temperature. 
5. Real Time Power Demand Shead program and Set Backmodes:  Georgia Tech's central Johnson Controls  ADX server shall obtain Real Time Pricing by the hour for the next hour and 23 additional hours from  Southern Company's electrical Real Time Pricing Server and store them in centrally accessible analog data points. The ADX server shall analyze the Real Time Pricing data. 
a. If two consecutive hours are above a predefined set point then the system will send out email messages to inform Ga. Tech' operational staff that the campus will be entering the Real Time Set Back  mode (Stamdby). The ADX will set a tri state value in each building main controller defining which temperature scheduled range to use, normal, standby setback and night setback.
b.  If two consecutive hours are below a predefined set point then the system will send out email messages to inform Ga. Tech' operational staff that the campus will be leaving or removing  the Real Time Set Back  mode (Stamdby). The ADX will set a tri state value in each building main controller defining which temperature scheduled range to use, normal, standby setback and night setback
c. Each controller shall have 3 temperature mode ranges for control, normal plus-minus 2 degf, Standby plus-minus 5 degf, Night setback plus-minus 9 degf.

d. Override priority of mode ranges shall be 
1) Night Setback overrides, Standby and Normal

2) Standby overrides Normal

3) Normal being the lowest priority.

6. Day-night setback program: provide software to limit the rise or drop of space temperature during unoccupied hours.  Whenever the space temperature is above (or below for heating) the operator assigned temperature limit, the system shall be enabled until the temperature is within the assigned temperature limit.

7. Power fail-auto restart: on power failure, the DDC controller shall shutdown without damage to the DDC controller or connected systems, and without loss of programmed information.  If power is restored within the time specified herein for battery back-up of DDC controller clock operation, the DDC system shall automatically restart, adjust operating parameters according to the proper time of day, and resume full normal operation within no longer than 5 minutes following restoration of power.  Each controlled item of equipment, 5 hp or greater, shall be sequentially restarted or returned to proper operation as appropriate for the time-of-day.

8. Event initiated sequences: based on programmable values of either digital or analog inputs or outputs, the DDC controller shall be able to:  open or close any output contacts or combination of contact outputs; and adjust any analog output over its normal range.

9. Terminal control unit software: provide software for the management and control of the DDC terminal control units. Software shall allow for operator definition of terminal control units as functional groups; monitoring, alarming and reporting of terminal unit parameters on an individual or group basis; after hours terminal unit operation monitoring and reporting on an individual or group basis; and remote setpoint adjustment of terminal unit control parameters on an individual or group basis in response to operator commands or through software interaction.

D. Data transmission network: DDC controllers and the DDC central station shall be connected by Georgia Tech’s campus Ethernet network using TCP/IP.  

E. DDC operator workstation: the DDC workstation in the zone serving this facility shall be updated to contain all new points provided by the new control system. 

1. Central station software, color graphics: Use the existing software to provide graphics for new systems as detailed below.

2. Graphic displays for systems and system components shall be provided as indicated in the I/O summaries.

a. The operator shall be capable, upon command entry, of calling for graphic displays of systems or zones.

b. Displays shall contain flow schematics, and schematics of mechanical duct and piping systems, elec​trical switchgear, electrical distribution systems, pumps, fans, valves, dampers, chillers, coils, pull stations, smoke detec​tors, heat detectors, circuit breakers, engine-generator sets, and cooling towers, for systems indi​cated in the I/O summaries to have graphic display.  Displays shall indicate values or status of I/O points associated with that system and those shall be dynamically updated at least once every 30 seconds.  Software shall be provided to allow operator modification of graphic displays provided with the system and to allow operator creation and storage of new graphic displays.

1) For each air handling unit provide a tabular graphic summary of that unit and its associated air distribution system.  Graphics shall contain, at a minimum, the points as shown on the I/O summary.

c. For each hydronic system, provide a tabular graphic summary of the primary equipment for that system and its associated air distribution system.  Graphics shall contain, at a minimum, the following information, as required by the system's I/O summary.

3.
Internet / Intranet Browser

Standard PCs will be used that do not require the purchase of any special software from the BMS. The primary point of interface on these PCs will be a standard Web Browser. Information shall be accessible on both personal computer and handheld device platforms as follows:

· Personal computers – Internet Explorer Version 11, Chrome, Safari 

· Handheld devices – Internet Explorer for Window Mobile Version 5.0 or 6.0 recommended, as well as Apple i-Phone, i-Touch, or i-Pad.  UI shall be optimized for devices with a 240 x 320 pixel screen size (QVGA). 
F. Transient surge suppressors: suppressors shall be solid state, operate bi-directionally, and have a turn-on and turn-off time of less than one nanosecond, and shall provide the protection specified herein, either as an internal part of the DDC controller or as a separate component.  Suppressor manufacturer shall have available certified test data confirming a fail short failure mode.

1. Communication or Signal Conductor Transient Suppressors:

a. Maximum single impulse current conductor-to-conductor or conductor-to-ground:  10000 amperes, 8 x 20 microsecond waveform.

b. Pulse life rating:  3000 amperes, 8 x 20 microsecond waveform, 2000 occurrences.

c. Maximum clamping voltage at 10000 amperes, 8 x 20 microsecond waveform, with the peak current not to exceed the normal applied voltage by 200%.

2. AC Voltage Power Transient Suppressors

a. UL listed in accordance with UL 1449-1996

b. Performance shall be in accordance with ANSI/IEEE C62.41-1991

c. Maximum single impulse current rating: 10,000 ampheres, 8 x 20 microsecond waveform

d. Pulse life rating: 30 occurrences at 10,000 ampheres, 8 x 20 microsecond waveform, and 150 occurrences at 5,000 ampheres, 8 x 20 microsecond waveform

e. Maximum clamping voltage shall not exceed 350V peak for a 120V nominal voltage source at 3,000 ampheres, 8 x 20 microsecond waveform

f. Visible indication of proper suppressor connection and operation

G. DDC Sensors:

1. Provide sensors, controls, instruments, and control interfaces to meet the performance specified herein. Sensors shall be high quality precision electronic type, selected to be compatible with the DDC controllers and appropriate for the service specified herein.  Accuracy values specified herein include sensor, wiring, signal conditioning and display accuracies for overall end-to-end performance.

2. Temperature sensors: shall be either two-wire 1000 ohm nickel RTD 100 or 1000 ohm platinum resistance temperature device (RTD), selected for normal range of media sensed with accuracy of ±0.65ºF at 70ºF except chilled water sensors used for BTU calculations or control as indicated on the I/O summaries shall have an accuracy of ±0.65ºF at 70ºF. For space temperature sensing, provide sensor, wall-mounted in enclosure similar to space thermostats provided. Air temperature sensing shall be provided by duct insertion type sensors for supply or return duct temperatures and by extended element averaging type for plenum, and coil entering or leaving temperatures. RTD transmitters shall be a 2 wire, loop-powered device.

	Point Type
	Accuracy

	Chilled Water
	+ .5qF

	Room Temp
	+ .5qF

	Duct Temperature
	+ .5qF

	All Others
	+ .75qF


3.
Network Sensors (NS-XXX-700X)

a. The Network Sensors (NS) shall have the ability to monitor the following variables as required by the systems sequence of operations:

i. Zone Temperature

ii. Zone Humidity

iii. Zone Setpoint 

iv. Discharge Air Temperature

v. Zone CO2

b. The NS shall transmit the information back to the controller on the Sensor-Actuator Bus (SA Bus) using BACnet Standard protocol SSPC-135, Clause 9.

c. The NS shall be BACnet Testing Labs (BTL) certified and carry the BTL Label.

i. The NS shall be tested and certified as a BACnet Smart Sensors (B-SS).

ii. A BACnet Protocol Implementation Conformance Statement shall be provided for the NS.

iii. The Conformance Statement shall be submitted 10 days prior to bidding.

d. The Network Zone Temperature Sensors shall include the following items:

i. A backlit Liquid Crystal Display (LCD) to indicate the Temperature, Humidity and Setpoint

ii. An LED to indicate the status of the Override feature

iii. A button to toggle the temperature display between Fahrenheit and Celsius

iv. A button to program the display for temperature or humidity

v. A button to initiate a timed override command

vi. Available in either surface mount, wall mount, or flush mount

vii. Available with either screw terminals or phone jack  

e. The Network Discharge Air Sensors shall include the following: 

i. 4 inch or 8 inch duct insertion probe  

ii. 10 foot pigtail lead 

iii. Dip Switches for programmable address selection 

iv. Ability to provide an averaging temperature from multiple locations

v. Ability to provide a selectable temperature from multiple locations 

f. The Network CO2 Zone Sensors shall include the following:

i. Available in either surface mount or wall mount

ii. Available with screw terminals or phone jack

3. Humidity sensors: industrial quality, bulk polymer type, with self-contained 4-20 mA, 0-10 Vdc or 0-5 Vdc transmitter element.  Accuracy shall be ±3% RH in the range of 20-90%.  Saturation shall not alter calibration.

4. Pressure transmitters: 2-wire or 3-wire strain gauge type, designed for media sensed for static pressure or differential pressure.  The span shall be continuously adjustable from 0 to 125% of the expected full pressure or full flow differential pressure.  The zero shall be continuously adjustable on outputs.  Transmitters shall produce a 4-20 mA, 0-10 Vdc or 0-5 Vdc signal with an accuracy of ±1.0% of the upper range limit for 6 months from calibration. Instruments shall be capable of withstanding an overrange pressure limit of 300% normal.

5. Current sensing relays: current sensing relays shall provide an adjustable setpoint (when required) normally open contact rated at a minimum of 50V peak and 0.5 amperes or 25 VA, noninductive.  There shall be a single opening for passage of current carrying conductors.  Relays shall be sized for operation at 50% rated current based on the connected load. Voltage isolation shall be a minimum of 600V.
6. Fan and pump status: fan and pump status shall be sensed by a current sensing relay. For constant speed fans and pumps, the current sensing relay trip setpoint shall be set at the motor’s normal operating speed.  For variable speed fans and pumps, the current sensing relay trip setpoint shall be set for the lowest operating speed, as determined by the commissioning process (typically 20%).

7. Filter status: filter status shall be sensed by contact closures from differential pressure switches across each filter, as specified in the Air Distribution section, mechanical drawings or I/O summaries.

8. Flow meters: Flow Meters shall have and accuracy of at least +/-2% of reading when read over the Johnson Controls Metasys network. Flow meters shall be of the ultrasonic clamp-on non-intrusive type. The flow sensors shall be remotely mounted from the flow meter unit. Flow meter sensors must be selected and sized for the application by the contractor.  The contactor shall gather sufficient information from field notes and from facilities personnel to determine the appropriate sensor.

Flow meters must provide a 4-20mA output signal for connection to the Johnson Controls Metasys system.  Flow meters may be connected directly to the Johnson Controls N2 bus if the option is available, but flow meters must be equipped with a 4-20mA output for future use. Manufacturer will provide factory representative to verify proper field installation of meter and perform startup/commissioning services. Flow meters must be one of the following or an approved equal: Controlotron 1010 with submersible transducers or Dynasonics series TFX with submersible transducers.

9. Building electrical meter: kilowatt-hour pulses shall be obtained from the power company electrical meter. Provide current transformers, pulse initiators and equipment for interface of signals to the DDC system. Components shall provide a minimum of 5 pulses per minute at 75% design load.  System shall have separate input point for each kWh meter. In lieu of energy meters, the contractor may directly interface with the facility’s breakers via the use of integrators or standard control system protocols.

10. CO2 sensors: dual channel infrared type, with 10-micron filter to prevent particulate contamination of sensing element.  Sensor shall have an accuracy of ±5% of reading up to 5000 ppm, with a repeatability of ±20 ppm and a maximum drift of ±10 ppm per year, and a recommended calibration interval of 5 years.  Sensor shall have a response time of no more than 2 minutes to a 90% of full-scale change.  Sensor and transmitter shall provide a 4-20 mA analog output proportional to gas concentration. 
11. Lighting Controls
: Extent of the Lighting Control System work is described by the requirements of this section, related sections and as indicated by the drawings.  It includes, but is not limited to:
a. Low voltage switching system with Switches,  Relay Panels and relays with provisions for:
b. Time of Day/Photocell Control (via Contact Inputs Modules)
c. Incandescent Dimming Control
d. System Description

(i) The low voltage lighting control system shall provide ON/OFF control of lighting (fluorescent, incandescent, neon and HID) and other electrical loads (motors, pumps, fans etc.), as well as dimming of 120 VAC incandescent and low voltage lamps. The system shall permit the user to turn ON/OFF individual loads and groups of loads, and to set predetermined lighting patterns including dim levels via switches, time clocks, building automation systems and other automated control devices. 

I. System shall utilize addressable devices (switches, relays and relay/relay controller combinations) communicating on a two-wire data/power bus.  Each relay shall have a unique address.  Any switch on the system can be assigned to operate any relay.  Groups and scenes (patterns) shall provided as part of the base system, and defined herein.  System programming shall be implemented via system switches; no computer interface is required. All switches, relays and other system components shall communicate over a two-wire non-polarized signal and power bus.

I. The Relay Panels shall be located in electrical closets as shown on the electrical plans.  The relays/dimmers in the relay panel shall be wired to control the power to each load as indicated on the Relay Panel Schedules contained in the electrical plans.  All power wiring will be identified with the circuit number controlling it at the load.

I. Remote Enclosures shall be located as indicated on the electrical plans. The relays/dimmers in the remote enclosure shall be wired to control the power to each load as indicated on the Relay Panel Schedules contained in the electrical plans.  All power wiring will be identified with the circuit number controlling it at the load.

I. Addressable switches, occupancy sensors and/or photocells shall be mounting in the spaces as indicated on the Reflected Ceiling Plans.  Low Voltage Wire between the components shall be CLASS 2 or CLASS 2P (Plenum rated) as required by the National Electric Code and local standards.  

I. Each system shall permit control of up to:

256 Relay Addresses

16 Dimming Addresses

127 Groups

72 Patterns/scenes

12. People Counters

a. Install people counters at all entrances and exits (except  maintenance entrances and exits) Provide power, a TCP/IP Modbus connection. Manufacture 
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13. ZFR1800 Series Wireless Field Bus System
i. The ZFR1800 Series System shall employ ZigBee technology to create a wireless mesh network to provide wireless connectivity for Metasys BACnet devices at multiple system levels.  This includes communications from FEC and VMA field controllers to sensors and from engines to these field controllers.  Wireless devices shall co-exist on the same network with hardwired devices.  Hardwired controllers shall be capable of retrofit to wireless devices with no special software.

ii. The ZFR1810 Wireless Field Bus Coordinator shall provide a wireless interface between supported field controllers and an NAE35/45/55 or NCE25 supervisory controller via the BACnet MS/TP field bus. Each wireless mesh network shall be provided with a ZFR1810 Coordinator for initiation and formation of the network

1. The ZFR Coordinator shall use direct sequence spread spectrum RF technology.
2. The ZFR Coordinator shall operate on the 2.4 GHZ ISM Band.
3. The ZFR Coordinator shall meet the IEEE 802.15.4 standard for low-power, low duty-cycle RF transmitting systems.
4. The ZFR Coordinator shall be FCC compliant to CFR Part 15 subpart B Class A. 
5. The ZFR Coordinator shall operate as a bidirectional transceiver with the sensors and routers to confirm and synchronize data transmission.
6. The ZFR Coordinator shall be capable of communication with sensors and routers up to a maximum distance of 250 Feet (line of sight).
7. The ZFR Coordinator shall be assembled in a plenum rated plastic housing with flammability rated to UL94-5VB.
8. The ZFR Coordinator shall have LED indicators to provide diagnostic information required for efficient operation and commissioning.
iii. The ZFR1811Wireless Field Bus Router shall be used with any model Field Equipment Controller (FEC) or VMA1600 series VAV Modular Assembly to provide a wireless interface to supervisory engines, via the ZFR1810 Coordinator, and associated WRZ Wireless Mesh Room Temperature Sensors.

1. The ZFR1811 Router shall use direct sequence spread spectrum RF technology.
2. The ZFR1811 Router shall operate on the 2.4 GHZ ISM Band.
3. The ZFR1811 Router shall meet the IEEE 802.15.4 standard for low-power, low duty-cycle RF transmitting systems.
4. The ZFR1811 Router shall be FCC compliant to CFR Part 15 subpart B Class A. 
5. The ZFR1811 Router shall operate as a bidirectional transceiver with other mesh network devices to ensure network integrity.
6. The ZFR1811 Router shall be capable of communication with other mesh network devices at a maximum distance of 250 feet (line of sight).
7. The ZFR1811 Router shall be assembled in a plenum rated plastic housing with flammability rated to UL94-5VB.
8. The ZFR1811 Router shall provide LED indication for use in commissioning and troubleshooting that can be disabled.
iv. The WRZ-TT Series Wireless Room Temperature Sensors shall sense and transmit room temperatures, room set point, room occupancy notification low battery condition to an associated ZFR1811 Router.

1. The WRZ Sensors shall use direct sequence spread spectrum RF technology.
2. The WRZ Sensors shall operate on the 2.4 GHZ ISM Band.
3. The WRZ Sensors shall meet the IEEE 802.15.4 standard for low-power, low duty-cycle RF transmitting systems.
4. The WRZ sensors shall be FCC compliant to CFR Part 15 subpart B Class A. 
5. The WRZ sensors shall be available with
a. Warmer/Cooler Set Point Adjustment

b. No Set Point Adjustment

c. Set Point Adjustment Scale – 55 to 85º F. 

d. Wireless refrigerator/freezer temperature transmitter

e. NIST rated Wireless refrigerator/freezer temperature transmitter

6. Wireless sensors shall be provided with display of room temperature, signal strength, fan mode, occupancy and network status as required by application and indicated on plans or in schedules.
7. The WRZ sensors shall be assembled in NEMA 1 plastic housings.
14. D. One-to-One Wireless Room Temperature Sensor System (WRZ)

15. The One-To-One Wireless Receiver (WRS Receiver) shall receive wireless Radio Frequency (RF) signals containing temperature data from multiple Wireless Room Temperature Sensors (WRZ Sensors) and communicate this information to either FEC or VMA controllers via the Sensor/Actuator (SA) Bus.

a. The WRZ Receiver shall use direct sequence spread spectrum RF technology.
b. The WRZ Receiver shall operate on the 2.4 GHZ ISM Band.
c. The WRZ Receiver shall meet the IEEE 802.15.4 standard for low-power, low duty-cycle RF transmitting systems.
d. The WRZ Receiver shall be FCC compliant to CFR Part 15 subpart B Class A. 
e. The WRZ Receiver shall operate as a bidirectional transceiver with the sensors to confirm and synchronize data transmission.
f. The WRZ Receiver shall be capable of communication with from one to five WRZ Sensors up to a distance of 200 Feet.
g. The WRZ Receiver shall be assembled in a plenum rated plastic housing with flammability rated to UL94-5VB.
h. The WRZ Receiver shall have LED indicators to provide information regarding the following conditions:
1) Power 

2) SA Bus – Receiver Activity/No Activity 

3) Wireless RF – Transmission from sensors/No Transmission

4) Wireless Rapid Transmit Mode – No transmission/ weak signal/Adequate signal/Excellent signal

16. The WRZ Sensors shall sense and report room temperatures to the WRZ Receiver.

a. The WRZ Sensors shall use direct sequence spread spectrum RF technology.
b. The WRZ Sensors shall operate on the 2.4 GHZ ISM Band.
c. The WRZ Sensors shall meet the IEEE 802.15.4 standard for low-power, low duty-cycle RF transmitting systems.
d. The WRZ sensors shall be FCC compliant to CFR Part 15 subpart B Class A. 
e. The WRZ sensors shall be available with
1) Warmer/Cooler Set Point Adjustment

2) No Set Point Adjustment

3) Set Point Adjustment Scale – 55 to 85º F. 

f. The WRZ sensors shall be assembled in NEMA 1 plastic housings.
H. Airflow Measurement Stations 

a. Furnish and install, at locations shown on plans, or in accordance with schedules, an electronic thermal dispersion type airflow measuring station. 

b. The station shall be capable of monitoring and reporting the airflow and temperature at each measuring location through one or more measuring probes containing multiple sensor points and a control transmitter that communicates with the BAS. 

c. Probe(s) shall be constructed of an airfoil shaped aluminum extrusion containing the sensor circuit(s). Each sensor circuit shall consist of epoxy coated thermistors, for temperature and  velocity, mounted to a Printed Circuit Board (PCB). 

d. Probe multiplexer circuit(s) shall include a microprocessor that collects data from each PCB and digitally communicates the average airflow and temperature of each probe to the  microprocessor-based control transmitter. 

e. Multiplexer board shall be completely encased in electrical potting material to prevent moisture damage. 

f. CAT5e communications cable shall be Underwriters Laboratory (UL) plenum-rated with RJ45 terminal connectors, dust boot covers and gold plated contacts shall link probes to electronic controller. 

g. CAT5e communications cable shall be a minimum of 10 feet (6.1 m) in length and shall be available up to 50 feet (15.2 m) when specified. 

h. Control transmitter shall be capable of processing up to 16 independent sensing points per airflow measuring location and shall be operated on a fused 24 VAC supply. 

i. Control transmitter shall feature a 16x2 character alphanumeric LCD screen, digital offset/gain adjustment, continuous performing sensor/transmitter diagnostics, and a visual alarm to detect malfunctions. 

j. LCD screen shall be field adjustable to display either I-P or SI units. Transmitter output shall be field adjustable 2 to 10 VDC or 4 to 20 mA. 

k. All electronic components of the assembly shall be Restriction of Hazardous Substances (RoHS) Directive compliant. 
Requirements are indicated in other sections of the specifications for installation and wiring of lighting control equipment. The controls shall meet the following specifications:

1. Operational ambient temperature: operating temperature: 14(F to 104(F 

2. Operational ambient humidity: not to exceed 45% RH at 32(F to 85% RH at 95(F 

3. Static immunity: greater than 15KV.

4. Conducted lighting and line transient immunity: 6 KV spikes.

5. System shall be provided with a 5-year warranty
H. VAV Ready Units (VRUs)

1. Johnson Controls shall include, as part of the controls scope of work, VAV ready units with factory installed piping and controls. VRU’s shall include supply, exhaust, cooling only, with hot water re-heat coil, tracking pair, single duct, and fan powered units as scehduled. VRU’s shall be supplied by the Controls Contractor and installed by the Mechanical Contractor.  

2. All controls and hydronics piping shall be accessible from the same side of the unit. All hydronics piping packages shall be piped in the opposite direction of the control panel, downstream of the VAV terminal unit.

3. For each VRU, JCI shall provide and ship a factory installed control package consisting of a DDC electronic controller and room sensor, differential pressure transducer, an electric damper actuator and an electronic control valve.  All components shall be furnished, mounted, piped and wired by the VRU unit manufacturer at the factory. The control valve wiring to the DDC controller shall be encased in 3/8 inch flexible conduit in accordance with UL-1995 and the National Electric Code. An electrical junction box with a disconnect switch, 24 volt transformer with low voltage wiring shall be provided and mounted on the VRU by the VRU manufacturer.  All relays required shall be installed and wired in the electrical enclosure.

4. JCI shall coordinate shipping schedule with project team. VRU shall ship Just in Time (JIT) by quadrant/zone as required by the project team with integrated project delivery methods. The project team shall give adequate notice to the manufacturer upon approval of submittals for manufacturer to properly plan material flow so as to meet required delivery dates with staging of product as required.
5. Digital Data Retrieval System – VRU manufacturer shall provide the following as part of the Operational and maintenance manuals in digital form: 

- Digital images of each individual VRU shipped including the hydronic piping packages, controls hardware, electrical, coil and terminal unit taken before shipment. - Controller software and individual VRU performance programming files specific to each VRU by tag no. 

- Approved Submittals 

- Operational and maintenance instructions  

- Parts lists with manufacturers model and part number 

- CAD drawings

- Validation and commissioning sheets

6. Terminal units shall be constructed of not less than 22 gauge galvanized steel with a minimum zinc coating.  Air Terminals shall be certified under ARI standard 885-98. Terminal units shall be either UL or ETL certified. Air terminal shall be insulated with ½  inch thick, 1.5 lbs/cubic foot (EPFI) Engineered Polymer Foam Insulation liner, rated to prevent air flow erosion to 6000 fpm surface velocity.   The insulation shall comply with UL 181 and NFPA 255 (25/50).  Material shall be chemically resistant to most hydrocarbon based solvents.  Material shall not support mold growth or demonstrated degradation while subject to air erosion when tested in accordance with UL 181 and UMC 10-1.  All interior features of the boxes (such as mixing baffles, damper housings, etc.) shall be secured within the casing to avoid excessive movement or rattling with air movement or extremely generated vibration.

7. The static pressure across the assembly with an equivalent 1,800 fpm inlet velocity through one inlet shall not exceed .05 inches water gauge, with the total flow through either inlet.

8. An 8 inch diameter or 7.75 inch by 7.75 inch gasketed hinged access door shall be provided on the terminal unit.  Door frame may be bolted, sealed or flanged to the casing. The door shall be gasketed and insulated with double wall construction.  Door shall be held in place with a cam lock latch allowing quick access without the use of tools.

9. A control panel with a sliding controls cover shall be supplied.  The controls cover shall reside in a set position without the use of mechanical fasteners or screws. “Quick Release” sheet metal tabs/guide stops shall be supplied to keep the cover from slipping off when in the fully open position. The “Quick Release” tabs/guide stops shall be designed in such a way to allow the complete removal of the cover.   A handle shall be supplied on the controls cover for opening and closing the controls cover.  Control panels without a sliding enclosure, handle and “Quick Release” tabs are not acceptable. All electrical and electronic components including both line voltage and low voltage shall be mounted in the metal controls enclosure per applicable codes.  Units shall have a single point wiring connection. Units shall be manufactured and wired per UL-1995 and in accordance with the National Electric Code the control panel shall include stand-offs to allow mounting of controls without penetrating the casing.

10. Hot water coils shall be factory installed with a maximum of ten (10) aluminum fins per inch and rated in accordance with ARI 410.The coil circuiting shall be a multi circuited header with corrosion free brass manual air vent piped in at the highest and drain at the lowest point of piping to ensure efficient drainage and air removal from the coil.

11. The following minimum piping components shall be supplied; a valve package consisting of a ball valve with a #20 stainless steel screen to act as a strainer, a union, P/T (pressure temperature) port, drain or blow-down with integrated ball valve, ¾ inch male garden hose end connection with a durable plastic retainer, cap. Union with P/T port. 
12. The hydronics piping structure and coil shall be charged with a gas at the factory before shipment at greater than sea level pressure at the assembly area; seal the gas in the piping structure:  Test the sealed piping structure for a minimum of 12 hours to determine whether the gas stays within the hydronics Piping Structure and coil through the use of a pressure gauge.

13. JCI shall be responsible for proper selection/sizing of the VRU’s based on scheduled performance parameters.

14. A 1-year Parts and labor warranty (extended warranties available) shall be included for all components integral to the VRU including terminal unit, controls and hydronics in accordance with the VRU manufacturer’s warranty terms.

PART3 - EXECUTION

3.1 GENERAL

A. Where control devices are installed on insulated piping or ductwork, provide standoff brackets or thermowells sized to clear insulation thickness.  Provide extended sensing elements, actuator linkages, and other accessories as required.

B. Wiring and tubing shall be identified with the same numbers and symbols as used on the corrected, approved record diagrams.

C. Label control apparatus with nameplates or tags bearing the functional designations shown on approved control diagrams.

3.2 COMMISSIONING SUPPORT REQUIREMENTS

GENERAL

A. Intent: The intent of this article is to outline the minimum requirements (time and effort) expected of the control system installer regarding the support of the Building Commissioning phase of the project.  

B. Definition: Building Commissioning is the process for verifying the proper function of the mechanical, electrical and control systems as specified in other sections of the contract documents. 

C. Commissioning Authority: The Commissioning Authority (CA) is responsible for leading the entire design and construction team and developing a plan for the commissioning process. The Commissioning Authority will be selected prior to the design phase of the project.

REQUIREMENTS

D. The Control System installer is required to support the building commissioning effort as part of the building commissioning process. The building commissioning process begins after the DDC control system has been completely inspected and verified for proper operation and signed off by the proper authorities (i.e. contractor, Owner or CA.) 

E. Provide the CA a copy of the following information: Flow diagrams of equipment being controlled, sequences of operations, proposed check-out sheets for DDC panels and field hardware and proposed calibration logs for field sensors.

F. The CA will provide to the Controls System Installer a copy of the overall commissioning plan and schedule.  

G. At minimum, the control systems installer will have a field technician support the building commissioning effort in the following manner:

1. Chilled Water Systems (1 chiller, 1 tower & up to 4 pumps): 8 hours

2. Boilers (Steam or Hot Water.  1 boiler & up to 4 pumps): 8 hours

3. Air Handling Units (<15,000 cfm): 4 hours per AHU, 30 min. per for typical AHU thereafter.

4. Air Handling Units (> 15,000 cfm): 8 hours per AHU, 1 hour per typical AHU thereafter.
5. Energy Recovery Units: 8 hours per ERU, 1 hour per typical ERU thereafter.

6. Fan Coil Units: 15 minutes per unit

7. VAV/VRU Boxes (cooling only): 10 minutes per unit.

8. VAV/VRU Boxes with reheat: 15 minutes per unit.

9. PIU (Cooling only): 15 minutes per

10. PIU with reheat: 20 minutes per

11. Controlled Exhaust Fans: 15 minutes per unit

12. CHW Building Entrances: 4 hours

13. Steam Building Entrances: 4 hours

H. Should the CA’s commissioning plan establish requirements beyond those listed above (i.e. more time per system, on-site meetings etc.), the control system installer shall be compensated for that additional time. 
3.3 M&V (Measurement and Verification)

A. The contractor shall set up software links between the server and BAS to record all of the sensors/points/data noted in the project M&V plan.

B. Interval to record the sensor/points/data is 15 minutes.

3.4 Dashboard

A. The displaying, reporting and control application will have a dashboard interface that will be presented to the user.  The dashboard will have selectable widgets available that will display the current energy usage in a building, the carbon usage in the building, the current state of measurement and verification projects (if implemented), and other measurements pertaining to the health of the building.  The dashboard widgets will be selectable by the user of the system.  If multiple buildings, (determined by project) are included in the reporting and control application, there will be the ability to have widgets for the entire site as well as individual building.

B. Install the dashboard as per the plans. Provide 120v 20a, data TCP/IP connection.

C. The Dashboard shall have the capability to operate in all of the following states as one application. Each implementation will have project specific configuration, displays and widgets. The intent is to have one application with posses all of the following states of operation:

1. Static state: This state will be deployed on a view only monitor. The Dashboard shall display the main Dashboard display for period of time, to be determined, then the Dashboard shall proceed to the other displays that would normally be selected by the user, for a period of time to be determined and proceed through each widget display available in the Dashboard configuration.
2. Touch Screen state: This state will be deployed on a touch screen computer. The widgets selections by the user will operate as defined in the static state. If the Touch Screen is not accessed in a time period (to be determined) the display will go into the Static State until a person touches the display device.
3. Remote web based state: The Dashboard shall be accessible via the internet TCP/IP access. The widgets selections by the user will operate as defined above to be determined, then the Dashboard will automatically enter the Static state. Once a user touches the screen the Dashboard will enter the Touch Screen state. 

D. The reporting and control application will have a Software Developer Kit (SDK) that will allow the development of customized Dashboards based on the data that is available in the building.  These customized Dashboard can include customized widgets based on Georgia Tech’s needs. 
E. Provide screen shots of proposed displays and items to be displayed on the Dashboard.

F. Items to be displayed

1. Widgets to display ,

a.  Electrical Power, 

b. Sustainability, HVAC, 

c. Cistern water usage, 

d. Solar electric, Solar thermal

e. CO2 reading and outside air introduced

f. Heat recovery energy saved.

2. Building usage show 

a. Demand in the units of the measured commodity  

b. Chart the week of by day and monthly for the past 12-18 months.

c. Provide adjustable time scale on charts

3. Chill water usage: tons. Chart the week of by day and monthly for the past 18 months.

3.5 ELECTRIC THERMOSTATS

A. Mount room thermostats, temperature sensors, humidity sensors, and humidistats at the following height: 

Type



    Height
Adjustable



48" above the floor

Concealed adjustment

60" above the floor

1. Align vertically or horizontally with adjacent light switches or, if no light switch, with receptacles.

2. Coordinate final location with the furniture layout and the architectural layout.

3. Concealed setpoint adjustment type terminal unit room sensors that have occupant override push buttons shall be classified as adjustable type devices.

B. Remote element type:  mount on a vibration free surface 5' above the floor, unless specified herein to be mounted on a control panel, with sufficient length to sense the temperature of each square foot of the coil face.

C. Low limit safety type elements: install in a horizontal sine curve manner to sense temperatures across the entire face of the coil, and support independently from the coil by brackets.  Provide 1 linear foot of element for each square foot of coil area.

D. Averaging type elements: install in a horizontal sine curve manner to sense temperatures across the entire face of the coil, and support independently from the coil by brackets.  Provide adequate coverage of coil area to achieve proper sensing.

E. Vertical concealed fan-coil unit thermostats: mount so that adjusting knob is accessible through access panel.

F. Provide guards on thermostats in storage rooms and equipment rooms if required.

G. Provide insulated bases for thermostats and temperature sensors installed on exterior walls or walls to unconditioned spaces.

3.6 PANELS

A. Wiring and air piping connecting to apparatus on the front panel shall be concealed behind the front panel.  Each item on the control panel shall be labeled and the panel labeled as to system served.  Mount the following items in the panels unless otherwise specified herein:

1. Gauges shall show main pressure, and control pressure of each control, or controlled device in the panel.  

2. Wire electric switches and controls in the control panel to a terminal block.  Line voltage and low voltage shall be separated on different terminal blocks with labels indicating voltage.  Each electrical device shall be wired back to the terminal block in the control panel.  Devices in series shall be individually terminated at the terminal block, such that each side of each device is available at the control panel for troubleshooting. In addition to number markings on each wire, wire color shall be the same throughout each wiring run. Wiring shall be neatly tied and routed in the control panel.  Shielded wiring shall be terminated neatly using electrical tape or heat shrink over the bare end of the shield.  Ground conductors over 4" long shall be insulated with tubing.

3. Pneumatic-electric and electric-pneumatic switches, except switches mounted in electric heating coil boxes and cabinets.

4. Adjustable relays.

5. Remote bulb thermostats and receiver controllers.

6. Gradual switches.

7. Digital displays on panels showing outside, supply, and return air temperatures for air handling units.

8. Digital displays on panels showing outside air, and entering and leaving water temperatures for hydronic systems.

9. Time delay relays.

3.7 STATIC PRESSURE SENSORS

A. Install sensors in the associated air handling unit ductwork (or control panel) and use extended sensing lines.  Provide taps for calibration purposes. Location for these shall be as shown the AHU airflow control drawing.

3.8 CONTROL DAMPERS

A. Refer to Section 15***, Air Distribution, for installation.

3.9 SMOKE DETECTORS

A. Refer to Section 15***, Air Distribution, for installation.

3.10 CONTROL VALVES

A. Refer to Section 15***, HVAC Piping, Valves & Accessories, for installation.

B. Provide high pressure air if necessary for valve actuators.

3.11 PEOPLE COUNTERS for new buildings only or entire building renovations.

A. Install people counters at each entrance and exit for the building. Exclude mechanical rooms and mechanical entrances and exits. 

B. Coordinate with door hardware contactor

C. Provide power, TCP/IP data connections, Modbus over TCP/IP protocol.

D. Coordinate with the Facilities IT department and establish data logging on the GT Facilities ION metering server. 

3.12 DDC SYSTEM

A. DDC System Failure Mode:

1. DDC controls and interfaces shall be arranged so that equipment controlled by the DDC system operates as indicated on the I/O summaries on failure of the DDC controller for any reason, including logic power supply failure, CPU lock-up, or interposing relay failure.  Safety and operational interlocks shall remain in effect.

2. Control sequences for fire alarm system signal responses shall be independent of the DDC controller and its outputs. 
B. Georgia Tech BACnet Network Number, Device Instance and Device Naming Standards
1. Network Numbers
a. Georgia Tech BACnet network numbers are based on a "facility code, network" concept. The "facility code" is the Georgia Tech-assigned numeric value assigned to a specific facility or building. The "network" typically corresponds to a "floor" or other logical configuration within the building. BACnet allows 65535 network numbers per BACnet internetwork. Additional references are “GAS Guide to Specifying Interoperable Building Automation and Control Systems using ANSI/ASHARAE Standard 135-1995 BACnet:, NISTIR 6392.

b. Georgia Tech's network numbers are thus formed as follows: "Net #" = "FFFNN" where 

1) FFF
=
Facility code (see below)

2) NN
=
00-99
This allows up to 100 networks per facility or building
c. Device Instances
1) BACnet allows 4194305 unique devices instances per BACnet internet TCP/IP. Georgia Tech's unique device instances are formed as follows: "Dev #" = "FFFNNDD" where

a) FFF and N are as above and

b) DD
=
00-99
This allows up to 100 devices per network.

(1) Note Special cases, where the network architecture of limiting device numbering to DD causes excessive subnetworks. The device number can be expanded to DDD and the network number N can become a single digit. In NO case shall the network number N and the device number D exceed 4 digits.  

c) [Facility code assignments: 000-400
Campus building/facility number

(1) Note that some facilities have a facility code with an alphabetic suffix to denote wings, related structures, etc. The suffix will be ignored. Network numbers for facility codes above 400 will be assigned in the range 000-399. Contact Facilities Engineering for the assignment of facility codes greater than 400.
d. Device Names
1) Georgia Tech's EMCS uses a system for naming its control devices based on facility name, location within a facility, the system or systems that the device monitors and/or controls, or the area served. The intent of the device naming is to be easily recognized. Names can be up to 254 characters in length, without embedded spaces. Only the characters A-Z, 0-9, ".", and "-" may be used. The goal is the shortest descriptive, but unambiguous, name. For example, in building #167 prefix the number with a “B” followed by the building number, if there is only one chilled water pump "P1", a valid name would be "B167.CW.P1.CONTROL". If there are two pumps designated "P1", one in the basement mechanical room(R003) and one in the penthouse mechanical room (R4003), the names could be "B167.R003.CW.P1.CONTROL" or "B167.R4003.CW.P1.CONTROL". In the case of unitary controllers, for example a VAV box controller, a name might be "B167.R122.VAV". These names should be used for the value of the "Object_Name" property of the BACnet Device objects of the controllers involved so that the BACnet name and the EMCS name are the same.

C. Transient surge suppressors: install on communications conductors entering the building from exterior locations.  In addition, provide transient suppressors for DDC control panels serving major equipment. 

D. DDC Sensors:

1. Hydrogen sensors: install in an accessible location at the highest point of the room.
2. Install the wireless WRZ sensor for ALL space temperatures. Where a space sensor is controlling the temperature of more than one office or space. In the controller program it to perform a high/low select between all of the associated WRZ sensors controlling the Terminal or VAV box. Program in the night setback mode only if the occupant selects the override button the control will provide 3 hours of space temperature control.

3. Liquid temperature sensors:  fill sensor wells with thermally conductive material to assure accurate readings.

4. Proper calibration of sensors shall be demonstrated and documented as part of the commissioning process.

5. Sensor calibration:  calibration of sensors shall be included as part of the prefunctional checklists according to the following procedures:

a. General:  verify that sensors with shielded cable are grounded only at one end.

b. Sensors without external transmitters:  take a reading with a calibrated test instrument within 6" of the sensor installation and verify the sensor reading is within the specified tolerance.  If not, install offset, calibrate, or replace sensor to obtain required accuracy.

c. Sensors with external transmitters:  disconnect sensor from transmitter input and connect a signal generator in place of sensor.  Using manufacturer's data, simulate minimum measured value.  Adjust transmitter potentiometer zero until minimum signal is read.  Repeat for the maximum measured value and adjust transmitter until maximum signal is read.  Reconnect sensor.  Make a reading with a calibrated test instrument within 6" of the sensor installation.  Verify that the sensor reading is within the specified tolerance.  If not, repeat process until specified accuracy is achieved, or replace the sensor and repeat process.

E. Building/Project/Renovation System Schedules.

1. The flowing Schedules shall be established.

a. Normal Operating Hours consult with user for exact time. The default normal schedules shall be Monday through Friday 7:30 am until 5:00 pm  

b. Temperature Range Schedules, set up the following:

1) Normal schedule plus-minus 2.5 deg F
2) Standby/Real Time Power schedule plus-minus 5 deg F
3) Night time schedule plus-minus 5 deg F
F. DDC System Start-up and Check-out (inspection and validation):

1. Provide the services of control technicians at start-up to check-out the system, verify and calibrate sensors and outputs, input data supplied by the Using Agency, and place the system in operation.  Verify proper operation of each item in the sequences of operation, including hardware and software.

2. Check-out each system for control function through the entire sequence.  Check actuator travel on dampers and valves for action and extent.  Verify that control dampers and valves open and close completely.  Check calibration of instruments.  Calculate and verify instrument setpoints.

3. Calibration and testing:  calibrate sensors and monitoring inputs and verify proper operation of outputs before the system is placed on-line.  Check each point within the system by making a comparison between the operator console and field device.  DDC control loops, failure modes, interlocks, sequences, energy management programs, and alarms shall be debugged, tested, and stable operation verified.  Control loop parameters and tuning constants shall be adjusted to produce accurate, stable control system operation. Before obtaining permission to schedule the functional test, provide written documentation of system calibration and certification that the installed complete system has been calibrated, verified, and is ready to begin testing.

G. DDC System Acceptance Conditions:

1. Acceptance test:  conduct final acceptance test, with the Using Agency on site, on the complete and total installed and operational system to demonstrate that it is functioning in accordance with requirements specified herein.  Demonstrate the correct operation of monitored and controlled points as well as the operation and capabilities of sequences, reports, specialized control algorithms, diagnostics, and software.

2. System shall demonstrate the following minimum acceptable levels of performance, within the physical limitations of the controlled equipment:

a. Control loops shall maintain stable, nonhunting, nonoscillating control, with minimum overshoot in response to transient and upset conditions.

b. Space and air temperatures shall be maintained within ±1ºF of setpoint.

c. Humidity shall be maintained within ±5% RH of setpoint.

d. Hot water and other hydronic system temperatures shall be maintained within ±0.5ºF of setpoint.

e. Duct static pressures shall be maintained within ±0.5" wg of setpoint.

f. Hydronic system pressures shall be maintained within ±2 psig of setpoint.

g. Air and water quantities shall be maintained within ±5% of setpoint.

3. Final system acceptance will be based upon the completion of the following items:

a. Completion of the installation of hardware and software items.  Demonstrate complete operation of the system, including hardware and software, with no failures during a 10 consecutive day period.  Obtain receipt from the Using Agency acknowledging no failures within the test period.  Submit a daily log documenting failures.

b. Satisfactory completion of functional performance testing, including deferred testing as specified herein.

c. Satisfactory completion of the record drawings, and operating and maintenance manuals.

d. Satisfactory completion of training programs.

4. Upon final acceptance, the warranty period shall begin.

H. DDC System Training
:

1. Provide designated Owner personnel training on the control system.  The intent is to clearly and completely instruct the Owner on the capabilities of the control system. Provide 8 man hours of training.
2. The training shall be tailored to the needs and skill-level of the trainees.

3. The trainers shall be knowledgeable on the system and its use in buildings. 

4. The FMS contractor shall provide the following training services: One day of on-site orientation by a field engineer who is fully knowledgeable of the specific installation details of the project shall also be provided.  This orientation shall, at a minimum, consist of a review of the project as-built drawings, the FMS software layout and naming conventions, and a walk through of the facility to identify panel and device locations.

I. Control System Operation and Maintenance Manual Requirements:

1. In addition to documentation specified elsewhere herein, compile and organize operation and maintenance manuals in labeled 3-ring binders.  The manual shall be organized and subdivided with permanently labeled indexed tabs, containing at minimum:

a. Full as-built sequence of operations for each piece of equipment.

b. Full as-built set of control drawings, including the marking of system components, sensors, and thermostats, and power sources on the as-built floor plans and mechanical drawings, identified with their control system designations.

c. Full point list.  In addition to the as-built points list for the major equipment identified in the I/O summary, provide a listing of rooms served by DDC terminal controls, with the following information for each room:

1) Floor.

2) Room number.

3) Room name.

4) Air handling unit identification.

5) Reference drawing number.

6) Terminal unit tag identification.

7) Heating and/or cooling valve tag identification.

8) Minimum cfm.

9) Maximum cfm.

d. Controller/module data shall include specific instructions on how to perform and apply functions, features, and modes specified herein and other features of this system.  These instructions shall be step-by-step.  Indexes and clear tables of contents shall be included.  The detailed technical manual for programming and customizing control loops and algorithms shall be included.

e. Control equipment component submittals and parts lists.

f. Thermostats, sensors, switches, and timers, including maintenance instructions and sensor calibration requirements and methods by sensor type.

g. Valves and valve actuators.

h. Dampers and damper actuators.

i. Full as-built documentation of software programming, including commented software program printouts, and a full print out of all schedules and set points after testing and acceptance of the system.  Provide an electronic copy of programming and database information for this facility.

j. Warranty requirements.

3.13 WIRING

A. Materials and installation of wiring and electrical devices shall be in accordance with NFPA 70-2002, and Division 16.

B. Exposed control and sensor wiring shall be installed in conduits and shall be separate from power wiring.  Plenum rated cable may be used in concealed spaces if supported by cable trays or tie wraps, and identified in a manner consistent with the documentation of the system every 30'. Conduits to devices in finished spaces shall be concealed wherever possible.

C. Provide interlock wiring in accordance with the responsibility matrix.

D. Low voltage control and sensor wiring shall be continuous without splicing.

3.14 SEQUENCES AND CONTROL SCHEMATICS

Note to Design Consultant: Your project most likely will not require all of the control sequences; therefore delete the ones that to not apply to your project. Oh yes delete this note in the final specifications. If you don't then I know you cannot read or did not read these specifications. And you will jeopardize your future work engagements. 

DUAL WHEEL ENERGY RECOVERY UNIT
SYSTEM STARTUP: The system shall be automatically started and stopped by the bcs controller whenever the hand-off-automatic switch is in the automatic position, and manually started and stopped by the hand position. Upon startup, the fans shall start, the outside air and exhaust air dampers shall be hardwire interlocked to open, the chilled water valve shall resume control, and the combination fire/smoke dampers in the system shall open. During normal operation, the system shall run at all times. The supply and exhaust fans shall be hardwire interlocked so that neither fan can operate without the other in operation as well.

SUPPLY FAN CONTROL: Modulate the supply fan variable frequency drive to maintain supply duct static pressure setpoint. Setpoint variation: if all terminal units are less than 85% open, reduce supply duct static pressure setpoint by 0.1" wg every five Minutes. If any terminal unit is greater than 95% open, increase supply duct static pressure setpoint by 0.1" wg every five minutes. Upper and lower limits for duct static pressure setpoints will be included and the values for these limits shall be determined during The testing, adjusting, and balancing process.

EXHAUST FAN CONTROL: modulate the exhaust fan variable frequency drive to maintain a fixed volumetric differential between measured Supply air volume and exhaust air volume, initially set to 1,000 cfm.

TOTAL ENTHALPY WHEEL CONTROL:

When outside air enthalpy is greater than exhaust air enthalpy, or when outside air temperature is greater than 80°f, the wheel shall Run at full speed and bypass dampers shall be closed. When outside air enthalpy is less than exhaust air enthalpy and outside air temperature is between 50°f and 80°f, disable the wheel and Open the bypass dampers.

When outside air temperature is less than 50°f, close the bypass dampers and modulate the wheel variable frequency drive to maintain wheel leaving air temperature setpoint, initially set to 48°f. Frost protection: when outside air temperature is less than 20°f and exhaust air relative humidity is greater than 30%, override normal wheel controls and operate the wheel at minimum speed for 10 minutes per hour.

PREHEAT COIL CONTROL: modulate the hot water valve to maintain preheat coil leaving air temperature setpoint, initially set to 47°f. Preheat coil controls shall remain active at all times, including unit shutdown.

COOLING COIL CONTROL: modulate the chilled water valve to maintain cooling coil leaving air temperature setpoint, initially set to 49°f. Setpoint variation: if calculated outside air dewpoint is less than 49°f, cooling coil leaving air temperature setpoint shall be equal to system discharge temperature setpoint.

SENSIBLE WHEEL CONTROL: Modulate the wheel variable frequency drive to maintain system discharge temperature setpoint. This setpoint shall be 70°f when outside air is 70°f and lower, 63°f when outside air is 75°f and higher, and ramped linearly between these points.

FREEZE PROTECTION: A low limit safety sensing air entering the cooling coil, initially set at 40°f, shall stop the fans, close the outside air dampers, and open the chilled water valve. Preheat coil controls shall remain active as described above.

DUCT PRESSURE SAFETIES: High and low pressure safeties on the supply and exhaust air discharges and outside air and exhaust air intakes shall each stop the fans upon activation. Each shall be set to 80% of the duct pressure rating and shall require a manual reset.

FIRE ALARM SYSTEM: Upon activation of the fire alarm system relay, the system shall shut down.

SYSTEM SHUTDOWN: Upon shutdown, the fans shall stop, the chilled water valve shall close, the outside air and exhaust air dampers shall close, and the combination fire/smoke dampers in the system shall close.
SINGLE WHEEL ENERGY RECOVERY UNIT

1. Unit shall be normally enabled/disabled by the BAS system.

2. The supply fan and exhaust fan shall be manually started and stopped from the HAND and OFF positions of the HAND-OFF-AUTO switch on the Variable Frequency Drive (VFD) and automatically started and stopped by the BAS system when the switch is in the AUTO position. All safety devices of the VFD shall operate with the switch in the HAND or AUTO position. BAS system shall monitor the HOA position and alarm if the switch is in the HAND or OFF position. The BAS system shall initiate an alarm on the VFD failure as indicated by VFD alarm.

3. Unit shall operate during the occupied mode and be OFF during "unoccupied mode", morning warm-up or cool down.

4. Upon start-up, the outside air and exhaust air dampers shall open. Once the dampers have proven open via end switches, the supply fan and exhaust fan shall slowly ramp up to static pressure setpoint.

5. In the event of a power interruption of fan shutdown, the outside air and exhaust air dampers shall close. The unit shall automatically restart after a power failure.

6. Supply air fan speed and exhaust air fan speed shall be modulated via the variable frequency drive to maintain associated duct static pressures based on signals from the associated duct mounted static pressure sensors. Initial static pressure setpoint shall be set at (+) 0.5 w.g. (adjustable) for both supply and exhaust. Final setpoint shall be determined by the test and balance contractor. Variable frequency drive shall be normally stopped. Upon failure of a static pressure sensor, the associated fan shall remain at its previous setting and an alarm shall be initiated.

7. Total outside air flow shall be measured via the outside airflow station.

8. Supply fan shall modulate its speed to supply 1500 cfm more than the total exhaust air flow for all floors.

9. CO2 monitoring - supply fan shall increase/decrease speed within the minimums and maximums specified in either the schedule on sequences to maintain CO 2 level at 700 ppm (adjustable) above 2C measured outdoors. CO 2 sensors shall be located on the floor's main return air duct and in large gathering rooms.

10. Heat recovery wheel shall be energized under the following conditions:

a. When the outside air enthalpy is above 23 Btu/lbs (adjustable) +/- 2 Btu/lbs.

b. When outside air is below 50°F (adjustable).

c. When mixed air temperature in any air handling unit drops below 55°F (adjustable).

11. End switch shall verify position of all motorized dampers.

12. Provide a differential pressure sensor across both the outside air and exhaust air filters to alarm if differential pressure exceeds clogged filter pressure drops as determined by the filter manufacturer.

13. During "Economizer Mode" heat wheel shall stop and bypass dampers shall open.
VAV AIR HANDLING UNIT

SYSTEM STARTUP: The system shall be automatically started and stopped by the bcs controller whenever the hand-off-automatic switch is in the automatic position, and manually started and stopped by the hand position. Upon startup, the fans shall start, the minimum outside air damper shall open,the return damper and chilled water valve shall resume normal control, and the combination fire/smoke dampers in the system shall open. During normal operation, the system shall run at all times.

SUPPLY FAN CONTROL: Modulate the supply fan variable frequency drive to maintain supply duct static pressure setpoint. Setpoint variation: if all terminal units are less than 85% open, reduce supply duct static pressure setpoint by 0.1" wg every five minutes. If any terminal unit is greater than 95% open, increase supply duct static pressure setpoint by 0.1" wg every five minutes. Upper and lower limits for duct static pressure setpoints will be included and the values for these limits shall be determined during the testing, adjusting, and balancing process.

COOLING COIL CONTROL: Modulate the chilled water valve to maintain cooling coil leaving air temperature setpoint, initially set to 52°f.

OUTSIDE AIR CONTROL: Modulate the minimum outside air terminal unit (or damper) to maintain minimum outside airflow setpoint. If terminal unit (or damper) is fully open and setpoint cannot be maintained, modulate the return air damper to maintain minimum outside airflow setpoint.

ECONOMIZER: Initiate economizer operation whenever outside air enthalpy is less than return air enthalpy for 15 minutes. During economizer operation, modulate the maximum outside air damper to maintain system discharge temperature setpoint. Terminate economizer operation when outside air enthalpy exceeds return air enthalpy for five minutes or maximum outside air damper is closed for ten minutes. Relief fan operation: if the system is in economizer operation and building pressure rises above 0.05" wg with respect to outside, start the relief fan and modulate the fan variable frequency drive to maintain building pressurization setpoint. Relief damper shall be hardwire interlocked to open prior to fan startup. Building pressure shall be time averaged with a sliding 5 minute window and the average value shall be used as the controlling setpoint. If the relief fan is operating at minimum speed and building pressure drops below 0.03" wg with respect to outside, or if economizer operation is terminated, stop the relief fan.

FREEZE PROTECTION: A low limit safety sensing air entering the cooling coil, initially set at 40°f, shall stop the fans, close the outside air dampers, open the chilled water valve, and activate the electric strip heater in the ahu mixing box.

DUCT PRESSURE SAFETIES: High and low pressure safeties on the supply air discharge and return air intake shall each stop the fans upon activation. Each shall be set to 80% of the duct pressure rating and shall require a manual reset.

FIRE ALARM SYSTEM: Upon activation of the fire alarm system relay, the system shall shut down.

SYSTEM SHUTDOWN: Upon shutdown, the fans shall stop and the chilled water valve, return damper, minimum outside air damper, and combination fire/smoke dampers in the system shall close.
SINGLE ZONE VAV AIR HANDLING UNIT

SUPPLY FAN CONTROL:

The constant speed supply fan (SF-C) will be started based on occupancy schedule. When the supply fan status (SF-S) indicates the fan started, the control sequence will be enabled. Upon a loss of airflow (SF-S), the system will attempt to automatically restart until positive status is received. Upon a call for cooling, DA-T control shall be 55 degrees F at the minimum drive speed.  Upon a further call for cooling, the SF-VFD shall have an incremental increase in fan speed while maintaining a 55 Deg F DA-T setpoint.  A call for heating shall result in an incremental decrease in fan speed while maintaining a 55 deg F DA-T setpoint.  A call for heating shall result in an incremental DA-T reset upwards until max DA-T is met (95 degrees F user adjustable).  Upon a further call for heat, the fan speed shall increase while maintaining max DA-T.

RETURN FAN CONTROL:

After the supply fan (SF-C) has been started, the constant speed return fan (RF-C) will be started. 

ECONOMIZER CONTROL:

When the outdoor air (OA-T) is cooler than the economizer setpoint, the economizer will act as the initial stage of cooling, working in sequence with the cooling coil. 

MINIMUM OA CONTROL:

The fresh air intake of the unit will be limited to prevent the preheat temperature (PH-T) from falling below the low limit setpoint (OALT-SP). OA damper shall open if the RA CO2 (RA-Q) sensor exceeds the user-adjustable setpoint.

TEMPERATURE CONTROL:

The discharge air temperature setpoint (DAT-SP) will be reset as the zone temperature (ZN-T) changes and after the supply fan VFD has reached it’s minimum (or maximum) speed.  

OCCUPIED MODE:

The occupancy mode will be controlled via a network input (OCC-SCHEDULE). The occupancy mode can also be overridden by a network input (OCC-OVERRIDE). 

UNOCCUPIED MODE:

The unit will remain off during unoccupied periods. 

PREHEAT COIL:

The preheat (PH-O) will modulate to maintain the discharge temperature setpoint. When the unit is shutdown, the preheat coil will be commanded to a preset position should the outdoor air temperature (OAT) fall below the low outdoor air temperature setpoint (OALT-SP). Upon a loss of airflow (SF-S), the preheat coil will be commanded to a preset position should the outdoor air temperature (OA-T) fall below the low outdoor air temperature setpoint (OALT-SP). 

COOLING COIL:

The cooling coil (CLG-O) will modulate to maintain the discharge temperature setpoint. When the unit is shutdown, the cooling coil will be commanded to a preset position should the outdoor air temperature (OA-T) fall below the low outdoor air temperature setpoint (OALT-SP). Upon a loss of airflow (SF-S), the cooling coil will be off. 

UNIT PROTECTION:

· Low Temperature Alarm (LT-A) - When in "Alarm", the control sequence will stop running, the valve(s) will open, the fan(s) will be disabled via a hard wired shutdown circuit, and activate the electric strip heater in the ahu mixing box.

· Discharge Air Smoke Detector (DA-SD) - Disables the fan(s) via a hard wired shutdown circuit.

ADDITIONAL POINTS MONITORED BY THE FMS:

· Preheat Entering Water Temperature (PHEW-T)

· Preheat Leaving Water Temperature (PHLW-T)

· Chilled Water Entering Temperature (CHEW-T)

· Chilled Water Leaving Temperature (CHLW-T)

· Mixed Air Temperature (MA-T)

· Return Fan Status (RF-S)

· Return Air Temperature (RA-T)

· Return Air Quality (RA-Q)

· Final Filter Status (FFILT-S)

· Discharge Air Smoke Alarm (DA-SD)

BUILDING CHILLED WATER ENTRANCE

PUMP RUNTIME: The bcs controller shall totalize runtime for pumps and shall start and stop pumps in a manner that equalizes runtime. There shall be a lead and a lag chilled water pump and a lead and a lag secondary chilled water pump at all times. The DDC controller shall, at an operator defined interval initially set to monthly, or upon operator request, evaluate the lead pump selection and reselect so as to equalize runtime. Whenever pumps are rotated, the newly started pump shall start and be proven operating for one minute prior to the operating pump being stopped.

CHILLED WATER PUMP STARTUP: Start the lead chilled water pump and close the bypass control valve whenever any air handling unit chilled water valve is not closed and the system differential pressure drops below setpoint for two minutes.

CHILLED WATER SYSTEM DIFFERENTIAL PRESSURE SETPOINT CONTROL: Modulate the active chilled water pump speed to maintain system differential pressure setpoint at the sensor location indicated on the drawings.

SETPOINT ADJUSTMENT: If the commanded positions of all modulating chilled water valves are less than 80% open, reduce system differential pressure setpoint by 0.3 psi every five minutes. If the commanded position of any modulating chilled water valve is more than 95% open, raise system differential pressure setpoint by 0.5 psi every five minutes.

CHILLED WATER PUMP SHUTOFF: If the active pump is operating at minimum speed for 30 minutes and system differential pressure is above setpoint, stop the lead pump and open the bypass control valve.

SECONDARY CHILLED WATER PUMP STARTUP: Start the lead secondary chilled water pump whenever any chilled beam chilled water valve is not closed.

SECONDARY CHILLED WATER SYSTEM DIFFERENTIAL PRESSURE SETPOINT CONTROL: Modulate the active secondary chilled water pump to maintain system differential pressure setpoint at the sensor location indicated on the drawings.

SECONDARY CHILLED WATER PUMP SHUTOFF: Stop the active secondary chilled water pump when all chilled beam chilled water valves have been closed for 60 minutes.

PLATE HEAT EXCHANGER CONTROLS: Modulate the chilled water 1/3 and 2/3 control valves in sequence to maintain the secondary chilled water supply temperature setpoint, initially set to 58°f.

CONDENSATION CONTROL:

Stop the active pump, close the isolation control valve, and generate an alarm on the DDC network upon sensing a secondary chilled water supply temperature below 54f. The system must be manually reset before returning to operation.

PUMP FAILURE: For both the chilled water and secondary chilled water systems, if the lead pump does not prove operating after a 15 second time period, or proof is lost while operating, an alarm signal shall be initiated on the DDC network and the lag pump shall start. Upon proof of operation of the newly started pump, the alarmed pump shall be stopped.
CHILLED WATER PLANT

SYSTEM ENABLE: The cooling system will automatically start when the system enable is "ON". When the system enable is "OFF", the cooling system will be disabled. 

CHILLER CONTROL: This system consists of one chiller. The chiller shall be controlled via its own internal controls to maintain a chilled water supply temperature. The chiller isolation valves will be commanded open prior to starting the pump and kept open long enough for the pump to coast down. If the status of the chiller isolation valve fails to match the command, an alarm will be generated and the next chiller in sequence will be enabled. 

CHILLED WATER PUMP CONTROL: When enabled, a pump for each chiller will be started. After the chiller is commanded off, the pump will continue to run for a short time to allow the equipment to coast down. If the pump status does not match the command, an alarm will be generated and the pump will be stopped. Upon loss of status, the pump will restart after the system reset is activated. 

CONDENSER WATER PUMP CONTROL: When enabled, a pump for each chiller will be started. If the pump status does not match the command, an alarm will be generated and the pump will be stopped. Upon loss of status, the pump will restart after the system reset is activated. After the chiller is commanded off, the pump will continue to run for a short time to dissipate the heat. 

CONDENSER WATER SYSTEM: This system consists of one variable speed cooling tower. The system also has a tower water bypass valve that shall modulate to full water flow over the tower, then the cooling tower will be staged on and off to maintain a condenser supply water temperature setpoint. If the tower fan status does not match the command, an alarm will be generated and the tower fan will be stopped. Upon loss of status, the tower fan will restart after the system reset is activated. The tower isolation valve will be commanded open prior to starting the pump and kept open long enough for the pump to coast down. 

SECONDARY LOOP PUMPING: The lead secondary pump will be started when the system is enabled. Each variable frequency drive will be modulated in unison to maintain loop pressure. Additional pumps will be started as required to maintain the differential pressure in the secondary loop. When an additional pump is required, the pump with the lowest runtime total shall be enabled to run. If the pump status does not match the command, an alarm will be generated and the pump will be stopped. Upon loss of status, the pump will restart after the system reset is activated. 

ADDITIONAL POINTS MONITORED BY THE FMS:

· Chiller Status 

· Chiller Alarm 

· Chiller Leaving Water Temperature 
· Chiller Entering Water Temperature 
· Chiller Condenser Leaving Water Temperature 
· Chiller Condenser Entering Water Temperature 
· Primary Supply Temperature 
· Decouple Flow Direction 
· Common Basin Heater Enable 
· Common Basin Level Switch 
· Outdoor Air Temperature 
· Outdoor Air Humidity 
BUILDING STEAM ENTRANCE
SYSTEM ENABLE: The heating system will automatically start when the outside air temperature falls below the system enable setpoint while the system enable is "ON". When the outside air temperature (OA-T) rises above this setpoint or the system enable is "OFF", the heating system will be disabled. 

HEAT EXCHANGER CONTROL: This system consists of one steam heat exchanger. Two sequenced steam inlet valves will modulate in sequence to maintain the desired hot water supply temperature to setpoint as reset by the outdoor air temperature. 

HOT WATER PUMP CONTROL: When enabled, a pump for each operating heat exchanger will be started. When an additional pump is required, the pump with the lowest runtime total shall be enabled to run. If the pump status does not match the command, an alarm will be generated and the pump will be stopped. Upon loss of status, the pump will restart after the system reset is manually activated. 

SECONDARY LOOP PUMPING: The lead secondary pump will be started when the system is enabled. Each variable frequency drive will be modulated in unison to maintain loop pressure. Additional pumps will be started as required to maintain the differential pressure in the secondary loop. When an additional pump is required, the pump with the lowest runtime total shall be enabled to run. If the pump status does not match the command, an alarm will be generated and the pump will be stopped. Upon loss of status, the pump will restart after the system reset is manually activated. 

ADDITIONAL POINTS MONITORED BY THE FMS:

· Heat Exchanger Leaving Temperature 

· Heat Exchanger Entering Temperature 

· Condensate return meter 

· Steam Supply 2/3 valve position

· Steam Supply 1/3 valve position

HOT WATER PLANT
SYSTEM ENABLE:

The heating system will automatically start when the outside air temperature (OA-T) falls below the system enable setpoint while the system enable is "ON". When the outside air temperature (OA-T) rises above this setpoint or the system enable is "OFF", the heating system will be disabled. 

BOILER CONTROL:

This system consists of two boilers. The burners shall be controlled via their own internal controls. The outdoor air temperature (OA-T) shall determine the number of boilers running. A 3-way mixing valve shall modulate to maintain supply water temperature delivered to the building to setpoint as reset by the outdoor air temperature (OA-T). 

HOT WATER PUMP CONTROL:

When enabled, pumps will be started so that minimum flow is maintained to the boilers that are running. After the boiler is commanded off, the pump will continue to run for a short time to dissipate the heat. If the pump status does not match the command, an alarm will be generated and the pump will be stopped. Upon loss of status, the pump will restart after the system reset is manually activated. 

PRIMARY LOOP PRESSURE CONTROL:

When a pump status is verified, the pump will modulated to maintain the system differential pressure of the system. If the primary flow below the minimum flow setpoint the system bypass valve will modulate open to provide more flow thru the boilers. 

ADDITIONAL POINTS MONITORED BY THE FMS:

· Boiler Status 

· Boiler Alarm 

· Boiler Leaving Water Temperature 

· Boiler Entering Water Temperature 

COOLING-ONLY VAV BOX
OCCUPIED MODE: When the zone temperature is below the cooling setpoint, the primary air damper will be at the minimum CFM. On a rise in zone temperature above the cooling setpoint, the primary air damper will increase the CFM. 

UNOCCUPIED MODE: When in this mode, while the zone temperature is between the unoccupied heating and cooling setpoints (inside of the bias), the primary air damper will be at the minimum CFM. On a rise in zone temperature above the unoccupied cooling setpoint, the primary air damper will increase the CFM (if available). On a drop in zone temperature below the unoccupied heating setpoint, the primary air damper will be at the minimum CFM. 

CO2 FLOW RESET: The CO2 level in the zone will be monitored and will reset the minimum flow setpoints for the box as scheduled. 

UNIT ENABLE: A network unit enable signal will control the mode of the box. 

NETWORK WARMUP-COOLDOWN: Warm-up and Cooldown modes will be activated by a network command. When the zone temperature is below the effective heating setpoint, the box will use warm air flow to maintain the zone temperature. When the box is satisfied the flow will remain at the warm-up minimum position until the warm command has been removed.
VAV BOX WITH HOT WATER REHEAT
OCCUPIED MODE: When the zone temperature is between the occupied heating and cooling setpoints (inside of the bias), the primary air damper will be at the minimum CFM and there will be no mechanical heating. On a rise in zone temperature above the cooling setpoint, the primary air damper will increase the CFM and there will be no mechanical heating. On a drop in zone temperature below the heating setpoint, the reheat coil will be used to maintain the zone temperature and the damper is controlled to provide a minimum CFM. 

UNOCCUPIED MODE: When in this mode, while the zone temperature is between the unoccupied heating and cooling setpoints (inside of the bias), the primary air damper will be at the minimum CFM and there will be no mechanical heating. On a rise in zone temperature above the unoccupied cooling setpoint , the primary air damper will increase the CFM (if available) and there will be no mechanical heating. On a drop in zone temperature below the unoccupied heating setpoint, the reheat coil will be used to maintain the zone temperature and the primary air damper will be at the minimum CFM. 

DISCHARGE AIR TEMP SENSOR: A discharge air temp sensor is provided on each box for monitoring purposes. 

UNIT ENABLE: A network unit enable signal will control the mode of the box. 

NETWORK WARMUP-COOLDOWN: Warm-up and Cooldown modes will be activated by a network command. When the zone temperature is below the effective heating setpoint, the box will use warm air flow, then reheat coil to maintain the zone temperature. When the box is satisfied the flow will remain at the warm-up minimum position until the warm command has been removed. 

VAV BOX WITH HOT WATER REHEAT & CO2
A. GENERAL:

DDC controller will sense the room temperature and maintain the room temperature setpoints by modulating the VAV box damper in sequence with the hot water reheat valve. On a decrease in room temperature, the damper actuator modulates from the maximum to the minimum cooling airflow setpoint. On a further drop in space temp, the terminal unit controller shall modulate the hot water control valve to maintain a max leaving air temp setpoint of 20 deg F above the heating space temperature.

The reverse sequence will occur on a temperature increase. Upon further call for heating, with the box leaving air temperature at its max setpoint, the box shall modulate it’s airflow to the heating maximum scheduled value while maintaining the maximum leaving air temperature.

 In unoccupied mode, the PIU damper, and hot water reheat valve will operate to maintain a night setback temperature. The discharge air temperature will be monitored by the DDC controller.

B. CO2 DEMAND CONTROL:
1. CO2 monitors in each temperature zone.

2. Change the minimum air of the VAVs to the lowest VAV controllable cfm (zero cfm) in the occupied mode. In the unoccupied mode, close the VAV valve.

3. During occupied control the space temperature as programmed. If the CO2  rises above setpoint, then start increasing the minimum (zero cfm) air flow until CO2 is below setpoint. Maintain temperature with reheat. Rate of change to be no more than 10% per minute.
VAV BOX WITH CHILLED BEAM(s)

SCENARIO #1: MULTI-OCCUPANT INTERIOR SPACES:

Modulate chilled beam chilled water valve to maintain cooling space temperature setpoint, initially set to 75°f. Modulate terminal unit air valve to maintain space carbon dioxide setpoint, intially set to 900 ppm. Override: if any space relative humidity rises above setpoint (initially set to 55%), or any space temperature rises above setpoint, modulate the terminal unit air valve to maintain both setpoints.

SCENARIO #2: MULTI-OCCUPANT EXTERIOR SPACES:

Modulate chilled beam chilled water valve to maintain cooling space temperature setpoint, initially set to 75°f. Modulate terminal unit air valve to maintain space carbon dioxide setpoint, intially set to 900 ppm. Override: if any space relative humidity rises above setpoint (initially set to 55%), or any space temperature rises above setpoint, modulate the terminal unit air valve to maintain both setpoints. Modulate finned tube radiator hot water valve to maintain heating space temperature setpoint, intially set to 72°f.

SCENARIO #3: INDIVIDUALLY OCCUPIED INTERIOR SPACES:

Modulate chilled beam chilled water valve to maintain cooling space temperature setpoint, initially set to 75°f. Modulate terminal unit air valve to maximum flow when any of the individual spaces served by the terminal unit are occupied, as indicated by the activation of the lighting occupancy sensor. Modulate terminal unit air valve to minimum flow when all of the individual spaces served by the terminal unit are unoccupied. Override: if space relative humidity rises above setpoint (initially set to 55%), or space temperature rises above setpoint, modulate the terminal unit air valve to maintain both setpoints.

SCENARIO #4: INDIVIDUALLY OCCUPIED EXTERIOR SPACES:

Modulate chilled beam chilled water valve to maintain cooling space temperature setpoint, initially set to 75°f. The 2-position terminal unit air valve shall operate at the maximum flow position when any of the individual spaces served by the terminal unit are occupied, as indicated by the activation of the lighting occupancy sensor. The air valve shall operate at the minimum flow position when all of the individual spaces served by the terminal unit are unoccupied. Override: if space relative humidity rises above setpoint (initially set to 55%), or space temperature rises above setpoint, modulate the terminal unit air valve to maintain both setpoints. Modulate finned tube radiator hot water valve to maintain heating space temperature setpoint, initially set to 72°f.

CONDENSATION CONTROL (TYPICAL FOR ALL CHILLED BEAMS):

A condensation sensor on each chilled beam shall generate an alarm on the BAS network upon detection of condensation. This alarm must be manually reset on the BAS network. Upon activation of a condensation sensor, close the associated chilled beam chilled water valve and terminal unit air valve.

PIU BOX WITH HOT WATER REHEAT
A. GENERAL:

DDC controller will sense the room temperature and maintain the room temperature setpoints by modulating the PIU box damper in sequence with the hot water reheat valve. On a decrease in room temperature, the damper actuator modulates from the maximum to the minimum cooling airflow setpoint. On a further drop in space temp, the terminal unit controller shall turn on the fan and then modulate the hot water control valve to maintain a max leaving air temp setpoint of 20 deg F above the heating space temperature.

The reverse sequence will occur on a temperature increase. Upon further call for heating, with the box leaving air temperature at its max setpoint, the box shall modulate it’s airflow to the heating maximum scheduled value while maintaining the maximum leaving air temperature.  In unoccupied mode, the PIU damper, fan and hot water reheat valve will operate to maintain a night setback temperature. The discharge air temperature will be monitored by the DDC controller.

B. CO2 DEMAND CONTROL:
1. CO2 monitors in each temperature zone.
2. Change the minimum air of the PIUs to the lowest PIU controllable cfm (zero cfm) in the occupied mode. In the unoccupied mode close the PIU valve.

3. During occupied control the space temperature as programmed. If the co2 gets above setpoint then starts increasing the minimum (zero cfm) air flow until co2 is below setpoint. Maintain temperature with reheat. Rate of change to be no more than 10% per minute.
FAN COIL UNIT
OCCUPIED MODE:

Occupancy mode will be controlled via a network occupancy schedule command. The constant speed supply fan will be started and will cycle as necessary to maintain temperature. The occupancy schedule will initially set the space to control the cooling coil and heating coil to maintain the discharge temperature setpoint, within the standy-by bias settings (+/-5 deg F) from setpoint. If a signal is received from the ceiling mounted occupancy sensor, the OA damper shall open and cooling and heating coils will modulate in sequence to maintain the discharge temperature setpoint, within the occupied bias settings (+/-2.5 deg F). While in the occupied mode, and the occupant exits the room, as noted by no motion for 30 minutes, the zone temperature setpoint, will revert back to the stand-by bias settings. 

UNOCCUPIED MODE:

The unit will cycle on to maintain zone temperature setpoint within the unoccupied bias settings (+/-9 deg F). The OA damper shall be closed in unoccupied and standby modes.

ADDITIONAL POINTS MONITORED BY THE FMS:

· Discharge Air Temperature (DA-T)

FAN COIL UNIT (HOUSING)
SUPPLY FAN CONTROL:

When the thermostat fan mode is set to low, the supply fan will run continuously at low speed. When the thermostat fan mode is set to medium, the supply fan will run continuously at medium speed. When the thermostat fan mode is set to high, the supply fan will run continuously at high speed. When the thermostat fan mode is set to auto, low , medium & high speeds operate automatically on temperature error from setpoint. 

TEMPERATURE CONTROL:

The unit will control to maintain the zone temperature setpoint as sensed by the zone temperature sensor. 

OCCUPIED MODE:

The occupancy mode will be controlled via a network input. 

UNOCCUPIED MODE:

The system will be placed in the occupancy mode when motion is sensed by an occupancy sensor on the thermostat. 

COOLING COIL:

The cooling coil will be modulated to maintain the temperature setpoint. 

HEATING COIL:

The heating coil will be modulated to maintain the temperature setpoint. 

ADDITIONAL POINTS MONITORED BY THE FMS:

· Supply Fan Status (SF-S) 

· Discharge Air Temperature (DA-T)

END OF SECTION
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